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Objectives: Compelling evidence has shown that aggressive 
resuscitation bundles, adequate source control, appropriate anti-
biotic therapy, and organ support are cornerstone for the success 
in the treatment of patients with sepsis. Delay in the initiation of 
appropriate antibiotic therapy has been recognized as a risk factor 
for mortality. To perform a retrospective analysis on the Surviving 
Sepsis Campaign database to evaluate the relationship between 
timing of antibiotic administration and mortality.
Design: Retrospective analysis of a large dataset collected pro-
spectively for the Surviving Sepsis Campaign.
Setting: One hundred sixty-five ICUs in Europe, the United States, 
and South America.
Patients: A total of 28,150 patients with severe sepsis and septic 
shock, from January 2005 through February 2010, were evaluated.
Interventions: Antibiotic administration and hospital mortality.
Measurements and Main Results: A total of 17,990 patients 
received antibiotics after sepsis identification and were included 
in the analysis.  In-hospital mortality was 29.7% for the cohort as a 
whole. There was a statically significant increase in the probability 
of death associated with the number of hours of delay for first 
antibiotic administration. Hospital mortality adjusted for severity 
(sepsis severity score), ICU admission source (emergency depart-
ment, ward, vs ICU), and geographic region increased steadily 
after 1 hour of time to antibiotic administration. Results were simi-
lar in patients with severe sepsis and septic shock, regardless of 
the number of organ failure.
Conclusions: The results of the analysis of this large population 
of patients with severe sepsis and septic shock demonstrate 
that delay in first antibiotic administration was associated with 
increased in-hospital mortality. In addition, there was a linear 
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increase in the risk of mortality for each hour delay in antibiotic 
administration. These results underscore the importance of early 
identification and treatment of septic patients in the hospital set-
ting. (Crit Care Med 2014; 42:1749–1755)
Key Words: antibiotics; knowledge translation; performance 
improvement; performance metrics; sepsis; septic shock; severe 
sepsis

Sepsis is a worldwide syndrome that affects over 700,000 
patients per year in the United States (1), with a high 
fatality rate, significant morbidity, and socioeconomic 

cost (2). Compelling evidence has shown that aggressive resus-
citation bundles, adequate source control, appropriate anti-
biotic therapy, and organ support are cornerstones for the 
success in the treatment of patients with sepsis (3). Delay in 
the initiation of appropriate antibiotic therapy has been rec-
ognized as a risk factor for mortality. This assumption is not a 
new paradigm since Ehrlich’s concept of “hit hard and fast” was 
first described in the early 1900 (4). More recently, Kumar et al 
(5) conducted in the United States and Canada a retrospec-
tive cohort study in 2,731 septic shock patients and found that 
effective antimicrobial administration within the first hour of 
documented hypotension was associated with 79.9% survival 
to hospital discharge. Treatment protocols targeting the rapid 
administration of appropriate antibiotics are now recognized 
as a key measure in the initial care of patients presenting with 
severe sepsis and septic shock (6).

Based on this evidence, the Surviving Sepsis Campaign 
(SSC) Guidelines recommended that after the recognition of 
severe sepsis or septic shock, IV broad-spectrum antibiotics 
should be administered as early as possible and always within 
1 hour (for patients identified on the general medical wards) 
or 3 hours (for patients identified in the emergency depart-
ment [ED]) (7). Nevertheless, these results need to be con-
firmed and the optimal timing of antibiotic administration 
remains uncertain in patients with sepsis. Therefore, the aim 
of this study was to analyze the association between timing of 
antibiotic administration and mortality to evaluate whether 
an optimal time window for empiric antibiotic administration 
could be found in these patients with severe sepsis and septic 
shock. Because of the global nature of the SSC, we also aimed 
to describe cultural differences in empiric antibiotic treatment 
for severe sepsis and septic shock.

MATERIAL AND METHODS

Sites and Patient Selection
The process of participation in the SSC is described in detail 
elsewhere (8). Eligible subjects were those admitted to an ICU 
having a suspected site of infection, two or more systemic 
inflammatory response syndrome criteria, and one or more 
organ dysfunction criteria (9). Clinical and demographic 
characteristics and time of presentation with severe sepsis or 
septic shock criteria were collected for analysis of time-based 
measures. Time of presentation was determined through chart 

review and defined in instructions to site data collectors on 
the Campaign website and educational materials. For patients 
enrolled from the ED, the time of presentation was defined as 
the time of triage. For patients admitted to the ICU from the 
medical and surgical wards and for patients in the ICU at the 
time of diagnosis, the time of presentation was determined by 
chart review for the diagnosis of severe sepsis. The patient was 
considered to have a nosocomial infection if severe sepsis or 
septic shock was discovered in the ICU more than 72 hours 
after admission or if severe sepsis or septic shock was discov-
ered in the ward and the patient had been in the ward more 
than 72 hours prior to sepsis identification. Otherwise, the 
patient was considered to have a community infection.

Data Collection
Data were entered into the SSC database locally at individual 
hospitals into preestablished, unmodifiable fields document-
ing performance data and the time of specific actions and 
findings. Data stripped of private health information were 
submitted every 30 days to the secure master SSC server at the 
Society of Critical Care Medicine (Mount Prospect, IL) via file 
transfer protocol or as comma-delimited text files attached to 
e-mail submitted to the Campaign’s server.

Institutional Review Board Approval
The global SSC improvement initiative was approved by the 
Cooper University Hospital Institutional Review Board (Cam-
den, NJ) as meeting criteria for exempt status.

Analysis Set Construction
The analysis set was constructed from the subjects entered into 
the SSC database from January 2005 through February 2010. 
Inclusion was limited to sites with at least 20 subjects and at 
least 3 months of subject enrollment.

Antibiotics and Time to Administration
Once severe sepsis or septic shock was identified using the 
screening criteria established in the SSC initiative, patients 
were eligible for antibiotics. All dates and times in the SSC 
database are based on the time of presentation. Time to first 
antibiotic administration is reported as the difference between 
time of presentation (as recorded in the database and described 
above) and first antibiotic administration (also entered into 
the database through chart review by institutional data collec-
tor). For each antibiotic given to a particular patient, the name 
of the antibiotic and time of administration were recorded 
in the database. Patients could receive none, one, or multiple 
antibiotics. Throughout the rest of this manuscript, antibiotic 
administration implies the patient’s first antibiotic. Subjects 
who did not receive any antibiotics in the first 6 hours, those 
with missing time of antibiotic administration, or subjects 
who were receiving antibiotics prior to presentation of severe 
sepsis were excluded from the data analysis.

Statistical Analysis
Since the study’s goal was not to predict hospital mortal-
ity but rather to identify the role of timing of antibiotic 
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administration on survival, we used a risk factor modeling 
approach to determine which covariates to add to the model—
a generalized estimating equation (GEE) population averaged 
logistic regression. Logistic regression was used to analyze hos-
pital mortality since the database has complete information on 
the time to antibiotic administration on all subjects and their 
mortality status (no censoring). Time to only the patient’s first 
antibiotics was entered into the model as a categorical vari-
able, and only covariates that acted as either a confounder or 
an effect modifier were included. A confounder was identified 
when its addition to the model changed the odds ratio associ-
ated with the time to antibiotic administration by more than 
10% in either direction, without considering statistical signifi-
cance. A covariate that had a statistically significant interaction 
(p < 0.05) with antibiotic administration was considered to be 
an effect modifier. Table S1 (Supplemental Digital Content 1, 
http://links.lww.com/CCM/A900) in the online appendix lists 
the 51 covariates that were considered possible confounders 
and effect modifiers. GEE population averaged logistic regres-
sion was used since patients are nested within a particular 
ICU. This method takes into account the variability within 
and between ICUs and uses this inherent correlation when 
estimating the SEs that are used to test model coefficients. The 
hierarchical nature of the SSC data lends itself to this type of 
analysis. All analyses were run using Stata 12.1 (Stata Corpora-
tion, College Station, TX).

RESULTS
A total of 28,150 patients with severe sepsis and septic shock 
from 165 ICUs were evaluated. Four hundred fifty-seven 
patients (457) received no antibiotics, 832 received antibiotics 
but were missing the timing of the antibiotics, and 8,871 patients 
received antibiotics prior to suspected sepsis. These patients were 
removed from the analysis set; thus, a total of 17,990 patients 

received antibiotics and were 
included in the analysis of time-
to-antibiotic administration and 
mortality (Fig. 1).

Table 1 summarizes patient 
characteristics by antibiotic 
timing in 1-hour time peri-
ods up to 6 hours. All patients 
that received antibiotics after 6 
hours were grouped together 
in this table since they only 
represented 12% of the obser-
vations. Hospital mortality is 
32.0% in the first hour of anti-
biotic administration, drops 
to 28.1% in the second hours, 
and then steadily increases after 
that. It peaks at 39.6% in those 
receiving antibiotics after 6 
hours. The median sepsis sever-
ity score (SSS) is the highest in 

the first hour compared with all other time points. The SSS 
was developed and validated on the SSC database and includes 
the elements available in the database such as location where 
sepsis was suspected (ED, ward, or ICU), geographic loca-
tion (Europe, United States, South America), infection source 
(pneumonia, urinary tract infection, abdominal, etc.), vari-
ous organ failures, hypotension (resolved and unresolved), 
mechanical ventilation, and other clinical characteristics (T. 
Osborn et al, unpublished observation, 2013). In the first hour, 
patients tend to have a higher proportion of severe sepsis/septic 
shock identified in the ICU (10.6%), compared with the same 
patients in the other time periods, higher mortality (46.6%) 
when severe sepsis/septic shock is identified in the ICU, higher 
proportion of pulmonary organ failure (30.8%), higher pro-
portion of nosocomial infection (21.9%), higher septic shock 
(69.6%), longer hospital and ICU length of stays (13 and 5.1 d, 
respectively), and the lowest proportion of a single organ fail-
ure (40.1%). After 1 hour, hospital mortality steadily increases 
with a delay in antibiotic timing. The prevalence of nosoco-
mial infection decreases during the first 3 hours of antibiotics 
administration and then increases when administered after 4 
hours. The proportion of patients with 1 baseline organ dys-
function is highest in the first hour and then decreases with a 
delay in antibiotics.

Figure 2 and the odds ratios in Table 2 are based on the 
same adjusted GEE population averaged logistic regression 
model. The model is adjusted for SSS, ICU admission source 
(ED, ward, vs ICU), and geographic region (Europe, United 
States, and South America). The relationship between hospital 
mortality and time to first antibiotic administration was fairly 
robust once we controlled for these three covariates, thus no 
additional covariates (for a list, see Table S1, Supplemental 
Digital Content 1, http://links.lww.com/CCM/A900) either 
confounded nor were effect modifiers of the relationship 
between hospital mortality and time to first antibiotic. The 

Figure 1. Patient enrollment diagram.

http://links.lww.com/CCM/A900
http://links.lww.com/CCM/A900
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TABLE 1. Patient Characteristics by Timing in Hours to the First Antibiotic

Patient 
 Characteristic, 
n (%)

Antibiotic Timing (Hr)

pa0.0–1.0 1.0–2.0 2.0–3.0 3.0–4.0 4.0–5.0 5.0–6.0 > 6.0

n 4,728 4,595 3,020 1,734 1,037 640 2,239

Hospital mortality 1,512 (32.0) 1,292 (28.1) 863 (28.6) 517 (29.8) 337 (32.5) 234 (36.6) 885 (39.6) < 0.001

Severity sepsis 
score, median 
(IQR)

58 (42–73) 50 (36–66) 49 (35–64) 49 (35–66) 51 (37–68) 53 (38–69) 57 (40–71) < 0.001

Nosocomial 
infection

812 (17.2) 357 (7.8) 229 (7.6) 173 (10.0) 128 (12.3) 89 (13.9) 403 (18.0) < 0.001

Septic shock 3,289 (69.6) 2,880 (62.7) 1,847 (61.2) 1,047 (60.4) 684 (66.0) 441 (68.9) 1,370 (61.3) < 0.001

Hospital LOS, 
median days 
(IQR)

13 (6.4–25) 10 (5.6–19) 10.0 (5.6–19) 11 (5.9–20) 12 (5.9–23) 12 (6.3–22) 14 (7.3–29) < 0.001

ICU LOS, median 
days (IQR)

5.1 (2.4–11) 4.1 (2.1–8.9) 4.2 (2.1–8.8) 4.3 (2.0–9.5) 4.9 (2.4–11) 4.6 (2.1–10) 6.7 (2.8–15) < 0.001

LOS prior to ICU, 
median days 
(IQR)

0.1 (0.0–0.8) 0.1 (0.0–0.3) 0.1 (0.0–0.3) 0.1 (0.0–0.4) 0.2 (0.0–0.5) 0.2 (0.0–0.7) 0.2 (0.0–1.4) < 0.001

Location where sepsis identified

  ED 3,028 (64.0) 3,716 (80.9) 2,424 (80.3) 1,322 (76.2) 727 (70.1) 417 (65.2) 1,294 (57.9) < 0.001

   ED mortality 797 (26.3) 935 (25.2) 629 (26.0) 352 (26.6) 209 (28.8) 132 (31.7) 404 (31.2) < 0.001

  Ward 1,198 (25.3) 680 (14.8) 469 (15.5) 326 (18.8) 244 (23.5) 177 (27.7) 689 (30.8) < 0.001

   Ward mortality 481 (40.2) 274 (40.3) 195 (41.6) 131 (40.8) 94 (38.5) 83 (46.9) 332 (48.2) < 0.001

  ICU 502 (10.6) 199 (4.3) 127 (4.2) 86 (5.0) 66 (6.4) 46 (7.2) 253 (11.3) < 0.001

   ICU mortality 234 (46.6) 83 (41.7) 39 (30.7) 34 (39.5) 34 (51.5) 19 (41.3) 149 (58.9) < 0.001

Site of infection

  Pneumonia 2,388 (50.5) 2,308 (50.2) 1,398 (46.3) 729 (42.0) 430 (41.5) 252 (39.4) 982 (43.9) < 0.001

  Urinary tract 
 infection

1,076 (22.8) 1,332 (29.0) 950 (31.5) 518 (29.9) 273 (26.3) 164 (25.6) 444 (19.9) < 0.001

  Abdominal 914 (19.3) 738 (16.1) 545 (18.1) 387 (22.3) 225 (21.7) 146 (22.8) 550 (24.6) < 0.001

  Meningitis 101 (2.1) 57 (1.2) 39 (1.3) 23 (1.3) 16 (1.5) 5 (0.8) 36 (1.6) 0.002

  Skin 294 (6.2) 294 (6.4) 212 (7.0) 119 (6.9) 66 (6.4) 35 (5.5) 113 (5.1) 0.040

  Bone 46 (1.0) 57 (1.2) 48 (1.6) 28 (1.6) 7 (0.7) 9 (1.4) 37 (1.7) 0.075

  Wound 206 (4.4) 242 (5.3) 124 (4.1) 78 (4.5) 50 (4.8) 20 (3.1) 95 (4.3) 0.080

  Catheter 169 (3.6) 157 (3.4) 106 (3.5) 75 (4.3) 37 (3.6) 29 (4.5) 88 (3.9) 0.596

  Endocarditis 46 (1.0) 42 (0.9) 33 (1.1) 15 (0.9) 14 (1.4) 11 (1.7) 26 (1.2) 0.548

  Device 54 (1.1) 51 (1.1) 43 (1.4) 24 (1.4) 16 (1.5) 9 (1.4) 22 (1.0) 0.704

  Other infection 260 (9.7) 528 (11.5) 399 (13.2) 216 (12.5) 145 (14.0) 95 (14.8) 337 (15.7) < 0.001

Baseline acute organ dysfunction

  Cardiovascular 4,221 (89.3) 4,123 (89.7) 2,689 (89.0) 1,510 (87.1) 888 (85.6) 541 (84.5) 1,800 (80.5) < 0.001

  Pulmonary 1,456 (30.8) 1,120 (24.4) 610 (20.2) 383 (22.1) 240 (23.1) 145 (22.7) 681 (30.5) < 0.001

  Renal 1,824 (38.6) 1,717 (37.4) 1,139 (37.7) 644 (37.1) 415 (40.0) 238 (37.2) 890 (39.8) 0.002

  Hepatic 393 (8.3) 415 (9.0) 285 (9.4) 170 (9.8) 107 (10.3) 74 (11.6) 280 (12.5) < 0.001

  Hematologic 1,171 (24.8) 904 (19.7) 706 (23.4) 405 (23.4) 251 (24.2) 175 (27.3) 595 (26.6) < 0.001

(Continued)
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regression model uses the same seven time periods as shown in 
Table 1. Figure 2 illustrates the trend in hospital mortality over 
timing to first antibiotic, relative to suspicion of sepsis. Table 2 
shows that the adjusted hospital mortality odds ratios steadily 

increase from 1.00 to 1.52 as time to antibiotic administration 
increases from 0 to greater than 6 hours where 0–1 hour is the 
referent group. The probability of mortality increases from 
24.6% to 33.1% and is based on a subject having the following 
characteristics: from the United States, admission source is the 
ED, and the SSS is 52 (median of all observations).

DISCUSSION
The results of this study confirm, in the largest population 
of patients with severe sepsis and septic shock reported to 
date, that delay in antibiotic administration was associated 
with increased in-hospital mortality. In addition, we confirm 
the increasing risk associated with delay—there was a linear 
increase in the risk of mortality for each hour delay in anti-
biotic administration from the first through the sixth hour 
after patient identification This relationship between delay 
in antibiotic administration and mortality has been demon-
strated before by Kumar et al (5). However, the population in 
that study was patients with septic shock, and the delay was 
from the onset of hypotension. Our study findings are distinct 
and unique in the population studied and the location of these 
patients in the hospital: similar results were found in patients 
with either severe sepsis or septic shock, and consistent results 
were also seen when patients were stratified by severity (num-
ber of organ failure) and whether sepsis was identified in the 
ED, on the wards, or in the ICU. This study demonstrates, for 

Number of acute organ dysfunction

  1 1,898 (40.1) 2,078 (45.2) 1,363 (45.1) 777 (44.8) 458 (44.2) 275 (43.0) 942 (42.1)

< 0.001

  2 1,653 (35.0) 1,587 (34.5) 1,060 (35.1) 608 (35.1) 358 (34.5) 227 (35.5) 732 (32.7)

  3 847 (17.9) 681 (14.8) 436 (14.4) 268 (15.5) 154 (14.9) 99 (15.5) 387 (17.3)

  4 265 (5.6) 207 (4.5) 131 (4.3) 68 (3.9) 51 (4.9) 31 (4.8) 134 (6.0)

  5 65 (1.4) 42 (0.9) 30 (1.0) 13 (0.8) 16 (1.5) 8 (1.3) 41 (1.8)

Cardiovascular

  No cardiovascular 
dysfunction

376 (7.9) 379 (8.3) 265 (8.8) 168 (9.7) 115 (11.1) 57 (8.9) 349 (15.6)

< 0.001

  Cardiovascular 
dysfunction no 
hypertension

803 (17.0) 1,004 (21.8) 659 (21.8) 402 (23.2) 174 (16.8) 116 (18.1) 403 (18.0)

Total shock 3,549 (75.1) 3,212 (69.9) 2,096 (69.4) 1,164 (67.2) 748 (72.1) 467 (73.0) 1,484 (66.4)

  Lactate > 4 260 (5.5) 332 (7.2) 249 (8.3) 117 (6.8) 64 (6.2) 26 (4.1) 114 (5.1)

  Vasopressors 
only

2,273 (48.1) 1,938 (42.2) 1,309 (43.3) 769 (44.4) 522 (50.3) 346 (54.1) 1,126 (50.4)

  Lactate > 4 and 
vasopressors

1,016 (21.5) 942 (20.5) 538 (17.8) 278 (16.0) 162 (15.6) 95 (14.8) 244 (10.9)

IQR = interquartile range, LOS = length of stay, ED = emergency department.
ap value based on Pearson chi-square test for categorical variables and Wilcox rank-sum test for continuous variables.

TABLE 1. (Continued). Patient Characteristics by Timing in Hours to the First Antibiotic

Patient 
 Characteristic, 
n (%)

Antibiotic Timing (Hr)

pa0.0–1.0 1.0–2.0 2.0–3.0 3.0–4.0 4.0–5.0 5.0–6.0 > 6.0

Figure 2. Predicted hospital mortality and the associated 95% CIs for 
time to first antibiotic administration. The results are adjusted by the sepsis 
severity score (SSS), ICU admission source (emergency department [ED], 
ward, vs ICU), and geographic region (Europe, United States, and South 
America). Probability of hospital mortality is based on the subject having 
the following specific characteristics: the patient is from the United States, 
admission source is the ED, and the SSS is 52 (median of all observations).
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the first time, that delay in antibiotic administration has a sig-
nificant negative impact on survival across all areas in the hos-
pital and across levels of illness severity (organ dysfunction).

The most important finding from our study is the sur-
vival benefit associated with prompt antibiotic administration 
in severe sepsis and septic shock. The potential influence of 
delayed antibiotic therapy was first evaluated in patients with 
community-acquired pneumonia. In the early-1990, McGarvey 
and Harper (10) demonstrated that care processes that included 
antibiotic delivery within 4 hours were associated with lower 
pneumonia mortality at two community hospitals. More 
recently, Houck et al (11) described that among 13,771 patients 
who had not received outpatient antibiotic agents, antibiotic 
administration within 4 hours of arrival at the hospital was 
associated with reduced in-hospital mortality (6.8% vs 7.4%; 
adjusted odds ratio [AOR], 0.85; 95% CI, 0.74–0.98) and mor-
tality within 30 days of admission (11.6% vs 12.7%; AOR, 0.85; 
95% CI, 0.76–0.95). Kahn et al (12) observed a 4% point reduc-
tion in 30-day mortality among Medicare patients who received 
antibiotics within 4 hours of admission and appropriate oxygen 
therapy. Interestingly, this work highlights not only the early 
administration of antibiotics but also correlates the process of 
care with better outcomes. In a study of 261 patients in the ED, 
Gaieski et al (13) confirmed the association with timing of anti-
biotic therapy and mortality in patients with severe sepsis or 
septic shock. In our previous prospective observational study in 
77 ICUs (14) based on propensity scores and adjusting for other 
treatments, we reported that among 2,796 severe sepsis/septic 
shock patients, empiric antibiotic treatment reduced mortality 
(treatment within 1 hr vs no treatment within first 6 hr of diag-
nosis; odds ratio, 0.67; 95% CI, 0.50–0.90; p = 0.008). Kumar 
et al (5) demonstrated that every additional hour without anti-
biotics increased the risk for death in septic shock patients by 
7.6% during the first 6 hours. It is important to point out that 

this was a retrospective study over 15 years, and recruitment 
rates were relatively low, with 2,154 patients included from 10 
sites (14 ICUs). Only 12% of patients had received antibiotics 
within the first hour. In addition, Kumar et al (5) focused on 
septic shock patients with appropriate antibiotic treatment. Our 
data demonstrate that the association between timing of antibi-
otic administration and mortality is not only true for patients 
with septic shock but also for patients with severe sepsis.

The relationship of prompt antibiotic and better outcomes 
might represent a surrogate marker for the quality of care in a 
broader sense. Other important sepsis treatments have shown 
time-dependency, like quantitative resuscitation (15) or source 
control (16). In fact, the meta-analysis of Barochia et al (3) 
showed that the implementation of SSC bundles was followed 
by an improvement in most of the sepsis process-of-care vari-
ables, including time-to-antibiotic treatment, followed by a 
mortality reduction.

Recent studies report low compliance with prompt adminis-
tration of antimicrobial therapy. In these reports, although the 
SSC proposals were implemented, the mean delay to first infusion 
of antibiotics remained in excess of 3 hours (17), and as many as 
68% of patients did not receive their first dose within this period 
(18). In addition, Kumar et al (5) reported that delays in adminis-
tration of antibiotics are common: 79% of patients did not receive 
antibiotics until the onset of hypotension, and of those patients, 
only 14.5% received them within the first hour of hypotension. 
Only 32.5% received antibiotics by 3 hours and only 51.4% by 6 
hours. It is important to note here that there is controversy about 
performance metrics for antibiotic timing in patients with pneu-
monia. In a retrospective review of patients with community-
acquired pneumonia, Welker et al (19) demonstrated that while 
performance metrics decreased time to first antibiotic dose from 
8 to 4 hours, there was also an associated reduction in the accuracy 
of diagnosis of pneumonia by ED physicians.

TABLE 2. Adjusted Hospital Mortality Odds Ratio and Probability of Mortality for Time to 
Antibiotics Based on a Generalized Estimating Equation Population Averaged Logistic 
Regression Model

Time to   
Antibiotics (Hr) ORa 95% CI p

Probability of 
 Mortality (%)b 95% CI

0–1c 1.00 24.6 23.2–26.0

1–2 1.07 0.97–1.18 0.165 25.9 24.5–27.2

2–3 1.14 1.02–1.26 0.021 27.0 25.3–28.7

3–4 1.19 1.04–1.35 0.009 27.9 25.6–30.1

4–5 1.24 1.06–1.45 0.006 28.8 25.9–31.7

5–6 1.47 1.22–1.76 < 0.001 32.3 28.5–36.2

> 6 1.52 1.36–1.70 < 0.001 33.1 30.9–35.3

OR = odds ratio.
aHospital mortality odds ratio referent group is 0–1 hr for the time to antibiotics and is adjusted by the sepsis severity score (SSS), ICU admission source (ED, 
ward, vs ICU), and geographic region (Europe, United States, and South America).
bProbability of hospital mortality is estimated using the generalized estimating equation population averaged logistic regression model and is based on the 
subject having the following characteristics: from the United States, admission source is the ED, and the SSS is 52 (median of all observations).
cAntibiotics administered in the first hour are the referent group and thus the odds ratio by definition is 1.00 while the 95% CI and the p value are not generated 
by the regression model.
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Our study has several limitations. As with any retrospec-
tive study, there is potential for residual confounding. Second, 
in our report, the main goal of the study was to evaluate only 
timing of initial antibiotic administration and not appropriate-
ness since this variable is commonly based on culture data avail-
able only after 24–96 hours. Therefore, we could not assess the 
appropriateness of antibiotic therapy in this patient population. 
Inappropriate or inadequate antibiotic choices may confound 
our results. Current SSC guidelines recommend administra-
tion of broad-spectrum antibiotics, and our results demonstrate 
adherence to this recommendation, which might reduce, but not 
eliminate the likelihood of inadequate coverage. Additionally, 
this was a retrospective review that did not allow for analysis 
of the reasons for delay or the cause of the delay in antibiotic 
administration. We are unable, in the SSC database, to ascertain 
whether the delay in antibiotic administration was because of 
order writing, pharmacy delay, or other system factors.

In conclusion, this study demonstrates a significant associa-
tion between delay in antibiotic administration over the first 
6 hours after identification of patients with severe sepsis and 
septic shock and increasing mortality. These results underscore 
the importance of early identification and treatment of septic 
patients in the hospital setting. As mentioned often in the lit-
erature, sepsis is a time-dependent condition (like acute myo-
cardial infarction or stroke) and should be recognized as an 
urgent situation that requires immediate response.
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Objective: To provide an update to the “Surviving Sepsis Cam-
paign Guidelines for Management of Severe Sepsis and Septic 
Shock,” last published in 2008.
Design: A consensus committee of 68 international experts rep-
resenting 30 international organizations was convened. Nominal 
groups were assembled at key international meetings (for those 
committee members attending the conference). A formal con-
flict of interest policy was developed at the onset of the process 
and enforced throughout. The entire guidelines process was 
conducted independent of any industry funding. A stand-alone 
meeting was held for all subgroup heads, co- and vice-chairs, 
and selected individuals. Teleconferences and electronic-based 
discussion among subgroups and among the entire committee 
served as an integral part of the development.

Methods: The authors were advised to follow the principles of the 
Grading of Recommendations Assessment, Development and 
Evaluation (GRADE) system to guide assessment of quality of evi-
dence from high (A) to very low (D) and to determine the strength 
of recom mendations as strong (1) or weak (2). The potential draw-
backs of making strong recommendations in the presence of low-
quality evidence were emphasized. Some recommendations were 
ungraded (UG). Recommendations were classified into three 
groups: 1) those directly targeting severe sepsis; 2) those targeting 
general care of the critically ill patient and considered high priority in 
severe sepsis; and 3) pediatric considerations.
Results: Key recommendations and suggestions, listed by cat-
egory, include: early quantitative resuscitation of the septic 
patient during the first 6 hrs after recognition (1C); blood  cultures 
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before antibiotic therapy (1C); imaging studies performed 
promptly to confirm a potential source of infection (UG); admin-
istration of broad-spectrum antimicrobials therapy within 1 hr of 
recognition of septic shock (1B) and severe sepsis without sep-
tic shock (1C) as the goal of therapy; reassessment of antimi-
crobial therapy daily for de-escalation, when appropriate (1B); 
infection source control with attention to the balance of risks and 
benefits of the chosen method within 12 hrs of diagnosis (1C);  
initial fluid resuscitation with crystalloid (1B) and consideration 
of the addition of albumin in patients who continue to require 
substantial amounts of crystalloid to maintain adequate mean 
arterial pressure (2C) and the avoidance of hetastarch formula-
tions (1C); initial fluid challenge in patients with sepsis-induced 
tissue hypoperfusion and suspicion of hypovolemia to achieve a 
minimum of 30 mL/kg of crystalloids (more rapid administration 
and greater amounts of fluid may be needed in some patients) 
(1C); fluid challenge technique continued as long as hemody-
namic improvement, as based on either dynamic or static vari-
ables (UG); norepinephrine as the first-choice vasopressor to 
maintain mean arterial pressure ≥ 65 mm Hg (1B); epinephrine 
when an additional agent is needed to maintain adequate blood 
pressure (2B); vasopressin (0.03 U/min) can be added to nor-
epinephrine to either raise mean arterial pressure to target or 
to decrease norepinephrine dose but should not be used as 
the initial vasopressor (UG); dopamine is not recommended 
except in highly selected circumstances (2C); dobutamine 
infusion administered or added to vasopressor in the presence 
of a) myocardial dysfunction as suggested by elevated cardiac 
filling pressures and low cardiac output, or b) ongoing signs 
of hypoperfusion despite achieving adequate intravascular vol-
ume and adequate mean arterial pressure (1C); avoiding use 
of intravenous hydrocortisone in adult septic shock patients if 
adequate fluid resuscitation and vasopressor therapy are able 
to restore hemodynamic stability (2C); hemoglobin target of 
7–9 g/dL in the absence of tissue hypoperfusion, ischemic 
coronary artery disease, or acute hemorrhage (1B); low tidal 
volume (1A) and limitation of inspiratory plateau pressure (1B) 
for acute respiratory distress syndrome (ARDS); application of 
at least a minimal amount of positive end-expiratory pressure 
(PEEP) in ARDS (1B); higher rather than lower level of PEEP 
for patients with sepsis-induced moderate or severe ARDS 
(2C); recruitment maneuvers in sepsis patients with severe 
refractory hypoxemia due to ARDS (2C); prone positioning in 
sepsis-induced ARDS patients with a PaO2/FiO2 ratio of ≤ 100 
mm Hg in facilities that have experience with such practices 
(2C); head-of-bed elevation in mechanically ventilated patients 

unless contraindicated (1B); a conservative fluid strategy for 
patients with established ARDS who do not have evidence of 
tissue hypoperfusion (1C); protocols for weaning and seda-
tion (1A); minimizing use of either intermittent bolus sedation 
or continuous infusion sedation targeting specific titration 
endpoints (1B); avoidance of neuromuscular blockers if pos-
sible in the septic patient without ARDS (1C); a short course 
of neuromuscular blocker (no longer than 48 hrs) for patients 
with early ARDS and a Pao2/Fio2 < 150 mm Hg (2C); a proto-
colized approach to blood glucose management commencing 
insulin dosing when two consecutive blood glucose levels are 
> 180 mg/dL, targeting an upper blood glucose ≤ 180 mg/dL 
(1A); equivalency of continuous veno-venous hemofiltration or 
intermittent hemodialysis (2B); prophylaxis for deep vein throm-
bosis (1B); use of stress ulcer prophylaxis to prevent upper 
gastrointestinal bleeding in patients with bleeding risk factors 
(1B); oral or enteral (if necessary) feedings, as tolerated, rather 
than either complete fasting or provision of only intravenous 
glucose within the first 48 hrs after a diagnosis of severe sep-
sis/septic shock (2C); and addressing goals of care, including 
treatment plans and end-of-life planning (as appropriate) (1B), 
as early as feasible, but within 72 hrs of intensive care unit 
admission (2C). Recommendations specific to pediatric severe 
sepsis include: therapy with face mask oxygen, high flow nasal 
cannula oxygen, or nasopharyngeal continuous PEEP in the 
presence of respiratory distress and hypoxemia (2C), use of 
physical examination therapeutic endpoints such as capillary 
refill (2C); for septic shock associated with hypovolemia, the 
use of crystalloids or albumin to deliver a bolus of 20 mL/kg 
of crystalloids (or albumin equivalent) over 5 to 10 mins (2C); 
more common use of inotropes and vasodilators for low cardiac 
output septic shock associated with elevated systemic vascular 
resistance (2C); and use of hydrocortisone only in children with 
suspected or proven “absolute”‘ adrenal insufficiency (2C).
Conclusions: Strong agreement existed among a large cohort 
of international experts regarding many level 1 recommenda-
tions for the best care of patients with severe sepsis. Although 
a significant number of aspects of care have relatively weak 
support, evidence-based recommendations regarding the 
acute management of sepsis and septic shock are the founda-
tion of improved outcomes for this important group of critically 
ill patients. (Crit Care Med 2013; 41:580–637)
Key Words: evidence-based medicine; Grading of Recommendations 
Assessment, Development and Evaluation criteria; guidelines; 
infection; sepsis; sepsis bundles; sepsis syndrome; septic shock; 
severe sepsis; Surviving Sepsis Campaign
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Sepsis is a systemic, deleterious host response to infection 
leading to severe sepsis (acute organ dysfunction second-
ary to documented or suspected infection) and septic 

shock (severe sepsis plus hypotension not reversed with fluid 
resuscitation). Severe sepsis and septic shock are major health-
care problems, affecting millions of people around the world 
each year, killing one in four (and often more), and increasing 
in incidence (1–5). Similar to polytrauma, acute myocardial 
infarction, or stroke, the speed and appropriateness of therapy 
administered in the initial hours after severe sepsis develops 
are likely to influence outcome.

The recommendations in this document are intended to 
provide guidance for the clinician caring for a patient with 
severe sepsis or septic shock. Recommendations from these 
guidelines cannot replace the clinician’s decision-making capa-
bility when he or she is presented with a patient’s unique set of 
clinical variables. Most of these recommendations are appro-
priate for the severe sepsis patient in the ICU and non-ICU set-
tings. In fact, the committee believes that the greatest outcome 
improvement can be made through education and process 
change for those caring for severe sepsis patients in the non-
ICU setting and across the spectrum of acute care. Resource 
limitations in some institutions and countries may prevent 
physicians from accomplishing particular recommendations. 
Thus, these recommendations are intended to be best practice 
(the committee considers this a goal for clinical practice) and 
not created to represent standard of care. The Surviving Sepsis 
Campaign (SSC) Guidelines Committee hopes that over time, 
particularly through education programs and formal audit 
and feedback performance improvement initiatives, the guide-
lines will influence bedside healthcare practitioner behavior 
that will reduce the burden of sepsis worldwide.

METHODOLOGY

Definitions
Sepsis is defined as the presence (probable or documented) of 
infection together with systemic manifestations of infection. 
Severe sepsis is defined as sepsis plus sepsis-induced organ 
dysfunction or tissue hypoperfusion (Tables 1 and 2) (6). 
Throughout this manuscript and the performance improve-
ment bundles, which are included, a distinction is made 
between definitions and therapeutic targets or thresholds. Sep-
sis-induced hypotension is defined as a systolic blood pressure 
(SBP) < 90 mm Hg or mean arterial pressure (MAP) < 70 mm 
Hg or a SBP decrease > 40 mm Hg or less than two standard 
deviations below normal for age in the absence of other causes 
of hypotension. An example of a therapeutic target or typical 
threshold for the reversal of hypotension is seen in the sepsis 
bundles for the use of vasopressors. In the bundles, the MAP 
threshold is ≥ 65 mm Hg. The use of definition vs. threshold will 
be evident throughout this article. Septic shock is defined as 
sepsis-induced hypotension persisting despite adequate fluid 
resuscitation. Sepsis-induced tissue hypoperfusion is defined 
as infection-induced hypotension, elevated lactate, or oliguria.

History of the Guidelines
These clinical practice guidelines are a revision of the 2008 
SSC guidelines for the management of severe sepsis and septic 
shock (7). The initial SSC guidelines were published in 2004 
(8) and incorporated the evidence available through the end 
of 2003. The 2008 publication analyzed evidence available 
through the end of 2007. The most current iteration is based 
on updated literature search incorporated into the evolving 
manuscript through fall 2012.
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Selection and Organization of Committee Members
The selection of committee members was based on inter-
est and expertise in specific aspects of sepsis. Co-chairs and 
executive committee members were appointed by the Society 
of Critical Care Medicine and European Society of Intensive 
Care Medicine governing bodies. Each sponsoring organiza-
tion appointed a representative who had sepsis expertise. Addi-
tional committee members were appointed by the co-chairs 
and executive committee to create continuity with the previous 
committees’ membership as well as to address content needs 
for the development process. Four clinicians with experience 
in the GRADE process application (referred to in this docu-
ment as GRADE group or Evidence-Based Medicine [EBM] 
group) took part in the guidelines development.

The guidelines development process began with appoint-
ment of group heads and assignment of committee members 
to groups according to their specific expertise. Each group was 
responsible for drafting the initial update to the 2008 edition 
in their assigned area (with major additional elements of infor-
mation incorporated into the evolving manuscript through 
year-end 2011 and early 2012).

With input from the EBM group, an initial group meet-
ing was held to establish procedures for literature review and 
development of tables for evidence analysis. Committees and 
their subgroups continued work via phone and the Internet. 
Several subsequent meetings of subgroups and key indi-
viduals occurred at major international meetings (nominal 
groups), with work continuing via teleconferences and elec-
tronic-based discussions among subgroups and members 
of the entire committee. Ultimately, a meeting of all group 
heads, executive committee members, and other key commit-
tee members was held to finalize the draft document for sub-
mission to reviewers.

Search Techniques
A separate literature search was performed for each clearly 
defined question. The committee chairs worked with subgroup 
heads to identify pertinent search terms that were to include, 
at a minimum, sepsis, severe sepsis, septic shock, and sepsis syn-
drome crossed against the subgroup’s general topic area, as well 
as appropriate key words of the specific question posed. All 
questions used in the previous guidelines publications were 
searched, as were pertinent new questions generated by gen-
eral topic-related searches or recent trials. The authors were 
specifically asked to look for existing meta-analyses related to 
their question and search a minimum of one general database 
(ie, MEDLINE, EMBASE) and the Cochrane Library (both 
The Cochrane Database of Systematic Reviews [CDSR] and 
Database of Abstracts of Reviews of Effectiveness [DARE]). 
Other databases were optional (ACP Journal Club, Evidence- 
Based Medicine Journal, Cochrane Registry of Controlled 
Clinical Trials, International Standard Randomized Controlled 
Trial Registry [http://www.controlled-trials.com/isrctn/] or 
metaRegister of Controlled Trials [http://www.controlled-
trials.com/mrct/]. Where appropriate, available evidence was 
summarized in the form of evidence tables. 

Grading of Recommendations
We advised the authors to follow the principles of the Grading 
of Recommendations Assessment, Development and Evalua-
tion (GRADE) system to guide assessment of quality of evi-
dence from high (A) to very low (D) and to determine the 
strength of recommendations (Tables 3 and 4). (9–11). The 
SSC Steering Committee and individual authors collaborated 
with GRADE representatives to apply the system during the 
SSC guidelines revision process. The members of the GRADE 
group were directly involved, either in person or via e-mail, in 
all discussions and deliberations among the guidelines com-
mittee members as to grading decisions.

The GRADE system is based on a sequential assessment of 
the quality of evidence, followed by assessment of the balance 
between the benefits and risks, burden, and cost, leading to 
development and grading of a management recommendation. 
Keeping the rating of quality of evidence and strength of 
recommendation explicitly separate constitutes a crucial and 
defining feature of the GRADE approach. This system classifies 
quality of evidence as high (grade A), moderate (grade B), low 
(grade C), or very low (grade D). Randomized trials begin 
as high-quality evidence but may be downgraded due to 
limitations in implementation, inconsistency, or imprecision of 
the results, indirectness of the evidence, and possible reporting 
bias (Table 3). Examples of indirectness of the evidence 
include population studied, interventions used, outcomes 
measured, and how these relate to the question of interest. 
Well-done observational (nonrandomized) studies begin as 
low-quality evidence, but the quality level may be upgraded on 
the basis of a large magnitude of effect. An example of this is 
the quality of evidence for early administration of antibiotics. 
References to supplemental digital content appendices of 
GRADEpro Summary of Evidence Tables appear throughout 
this document.

The GRADE system classifies recommendations as strong 
(grade 1) or weak (grade 2). The factors influencing this deter-
mination are presented in Table 4. The assignment of strong 
or weak is considered of greater clinical importance than a 
difference in letter level of quality of evidence. The commit-
tee assessed whether the desirable effects of adherence would 
outweigh the undesirable effects, and the strength of a rec-
ommendation reflects the group’s degree of confidence in 
that assessment. Thus, a strong recommendation in favor of 
an intervention reflects the panel’s opinion that the desirable 
effects of adherence to a recommendation (beneficial health 
outcomes; lesser burden on staff and patients; and cost sav-
ings) will clearly outweigh the undesirable effects (harm to 
health; more burden on staff and patients; and greater costs). 
The potential drawbacks of making strong recommenda-
tions in the presence of low-quality evidence were taken into 
account. A weak recommendation in favor of an intervention 
indicates the judgment that the desirable effects of adherence 
to a recommendation probably will outweigh the undesirable 
effects, but the panel is not confident about these tradeoffs—
either because some of the evidence is low quality (and thus 
uncertainty remains regarding the benefits and risks) or the 

http://www.controlled-trials.com/isrctn/
http://www.controlled-trials.com/mrct/
http://www.controlled-trials.com/mrct/
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benefits and downsides are closely balanced. A strong recom-
mendation is worded as “we recommend” and a weak recom-
mendation as “we suggest.”

Throughout the document are a number of statements 
that either follow graded recommendations or are listed as 
stand-alone numbered statements followed by “ungraded” 
in parentheses (UG). In the opinion of the committee, 
these recommendations were not conducive for the GRADE 
process.

The implications of calling a recommendation strong 
are that most well-informed patients would accept that 
intervention and that most clinicians should use it in most 
situations. Circumstances may exist in which a strong rec-
ommendation cannot or should not be followed for an 
individual because of that patient’s preferences or clinical 
characteristics that make the recommendation less applica-
ble. A strong recommendation does not automatically imply 
standard of care. For example, the strong recommendation 

TAbLE 1. Diagnostic Criteria for Sepsis

Infection, documented or suspected, and some of the following:

General variables

Fever (> 38.3°C)

Hypothermia (core temperature < 36°C)

Heart rate > 90/min–1 or more than two sd above the normal value for age

Tachypnea

Altered mental status

Significant edema or positive fluid balance (> 20 mL/kg over 24 hr)

Hyperglycemia (plasma glucose > 140 mg/dL or 7.7 mmol/L) in the absence of diabetes

Inflammatory variables

Leukocytosis (WBC count > 12,000 µL–1)

Leukopenia (WBC count < 4000 µL–1)

Normal WBC count with greater than 10% immature forms

Plasma C-reactive protein more than two sd above the normal value

Plasma procalcitonin more than two sd above the normal value

Hemodynamic variables

Arterial hypotension (SBP < 90 mm Hg, MAP < 70 mm Hg, or an SBP decrease > 40 mm Hg in adults or less than two sd  
below normal for age)

Organ dysfunction variables

Arterial hypoxemia (Pao2/Fio2 < 300)

Acute oliguria (urine output < 0.5 mL/kg/hr for at least 2 hrs despite adequate fluid resuscitation)

Creatinine increase > 0.5 mg/dL or 44.2 µmol/L

Coagulation abnormalities (INR > 1.5 or aPTT > 60 s)

Ileus (absent bowel sounds)

Thrombocytopenia (platelet count < 100,000 µL–1)

Hyperbilirubinemia (plasma total bilirubin > 4 mg/dL or 70 µmol/L)

Tissue perfusion variables

Hyperlactatemia (> 1 mmol/L)

Decreased capillary refill or mottling

WBC = white blood cell; SBP = systolic blood pressure; MAP = mean arterial pressure; INR = international normalized ratio; aPTT = activated partial thromboplastin 
time.
Diagnostic criteria for sepsis in the pediatric population are signs and symptoms of inflammation plus infection with hyper- or hypothermia (rectal temperature 
> 38.5° or < 35°C), tachycardia (may be absent in hypothermic patients), and at least one of the following indications of altered organ function: altered mental 
status, hypoxemia, increased serum lactate level, or bounding pulses.
Adapted from Levy MM, Fink MP, Marshall JC, et al: 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med 2003; 31: 
1250–1256.
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for administering antibiotics within 1 hr of the diagnosis 
of severe sepsis, as well as the recommendation for achiev-
ing a central venous pressure (CVP) of 8 mm Hg and a cen-
tral venous oxygen saturation (ScvO

2
) of 70% in the first 6 

hrs of resuscitation of sepsis-induced tissue hypoperfusion, 
although deemed desirable, are not yet standards of care as 
verified by practice data.

Significant education of committee members on the 
GRADE approach built on the process conducted during 2008 
efforts. Several members of the committee were trained in 
the use of GRADEpro software, allowing more formal use of 
the GRADE system (12). Rules were distributed concerning 
assessing the body of evidence, and GRADE representatives 

were available for advice throughout the process. Subgroups 
agreed electronically on draft proposals that were then 
presented for general discussion among subgroup heads, the 
SSC Steering Committee (two co-chairs, two co-vice chairs, 
and an at-large committee member), and several selected key 
committee members who met in July 2011 in Chicago. The 
results of that discussion were incorporated into the next 
version of recommendations and again discussed with the 
whole group using electronic mail. Draft recommendations 
were distributed to the entire committee and finalized during 
an additional nominal group meeting in Berlin in October 
2011. Deliberations and decisions were then recirculated to the 
entire committee for approval. At the discretion of the chairs 

TAbLE 2. Severe Sepsis 

Severe sepsis definition = sepsis-induced tissue hypoperfusion or organ dysfunction (any of the  
following thought to be due to the infection)

Sepsis-induced hypotension

Lactate above upper limits laboratory normal

Urine output < 0.5 mL/kg/hr for more than 2 hrs despite adequate fluid resuscitation

Acute lung injury with PaO2/FIO2 < 250 in the absence of pneumonia as infection source

Acute lung injury with PaO2/FIO2 < 200 in the presence of pneumonia as infection source

Creatinine > 2.0 mg/dL (176.8 µmol/L)

Bilirubin > 2 mg/dL (34.2 µmol/L)

Platelet count < 100,000 µL

Coagulopathy (international normalized ratio > 1.5)

Adapted from Levy MM, Fink MP, Marshall JC, et al: 2001 SCCM/ESICM/ACCP/ATS/SIS International Sepsis Definitions Conference. Crit Care Med 2003; 31: 
1250–1256.

TAbLE 3. Determination of the Quality of Evidence 

Underlying methodology

A (high) RCTs

B (moderate) Downgraded RCTs or upgraded observational studies

C (low) Well-done observational studies with control RCTs

D (very low) Downgraded controlled studies or expert opinion based on other evidence

Factors that may decrease the strength of evidence

1. Poor quality of planning and implementation of available RCTs, suggesting high likelihood of bias

2. Inconsistency of results, including problems with subgroup analyses

3. Indirectness of evidence (differing population, intervention, control, outcomes, comparison)

4. Imprecision of results

5. High likelihood of reporting bias

Main factors that may increase the strength of evidence

1. Large magnitude of effect (direct evidence, relative risk > 2 with no plausible confounders)

2. Very large magnitude of effect with relative risk > 5 and no threats to validity (by two levels)

3. Dose-response gradient

RCT = randomized controlled trial.
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and following discussion, competing proposals for wording 
of recommendations or assigning strength of evidence were 
resolved by formal voting within subgroups and at nominal 
group meetings. The manuscript was edited for style and form 
by the writing committee with final approval by subgroup 
heads and then by the entire committee. To satisfy peer review 
during the final stages of manuscript approval for publication, 
several recommendations were edited with approval of the SSC 
executive committee group head for that recommendation and 
the EBM lead.
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by committee members. Declared COI disclosures from 19 
members were determined by the COI subcommittee to be 
not relevant to the guidelines content process. Nine who 
were determined to have COI (financial and nonfinancial) 
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to adhere to SSC COI policy regarding discussion or voting 
at any committee meetings where content germane to their 
COI was discussed. Nine were judged as having conflicts 
that could not be resolved solely by reassignment. One of 
these individuals was asked to step down from the commit-
tee. The other eight were assigned to the groups in which 

they had the least COI. They were required to work within 
their group with full disclosure when a topic for which they 
had relevant COI was discussed, and they were not allowed 
to serve as group head. At the time of final approval of the 
document, an update of the COI statement was required. No 
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MANAGEMENT OF SEVERE SEPSIS
Initial Resuscitation and Infection Issues (Table 5) 

A. Initial Resuscitation

1. We recommend the protocolized, quantitative resuscitation of 
patients with sepsis- induced tissue hypoperfusion (defined in 
this document as hypotension persisting after initial fluid chal-
lenge or blood lactate concentration ≥ 4 mmol/L). This proto-
col should be initiated as soon as hypoperfusion is recognized 
and should not be delayed pending ICU admission. During the 
first 6 hrs of resuscitation, the goals of initial resuscitation of 
sepsis-induced hypoperfusion should include all of the follow-
ing as a part of a treatment protocol (grade 1C):
 a) CVP 8–12 mm Hg
 b) MAP ≥ 65 mm Hg
 c) Urine output ≥ 0.5 mL·kg·hr
 d)  Superior vena cava oxygenation saturation (Scvo

2
) or 

mixed venous oxygen saturation (SvO
2
) 70% or 65%, 

respectively.
2. We suggest targeting resuscitation to normalize lactate in 

patients with elevated lactate levels as a marker of tissue 
hypoperfusion (grade 2C).

Rationale. In a randomized, controlled, single-center study, 
early quantitative resuscitation improved survival for emer-
gency department patients presenting with septic shock (13). 
Resuscitation targeting the physiologic goals expressed in rec-
ommendation 1 (above) for the initial 6-hr period was associ-
ated with a 15.9% absolute reduction in 28-day mortality rate. 
This strategy, termed early goal-directed therapy, was evalu-
ated in a multicenter trial of 314 patients with severe sepsis in 
eight Chinese centers (14). This trial reported a 17.7% absolute 
reduction in 28-day mortality (survival rates, 75.2% vs. 57.5%, 

TAbLE 4. Factors Determining Strong vs. Weak Recommendation

What Should be Considered Recommended Process

High or moderate evidence  
(Is there high or moderate quality 
evidence?)

The higher the quality of evidence, the more likely a strong recommendation.

Certainty about the balance of benefits vs. 
harms and burdens (Is there certainty?)

The larger the difference between the desirable and undesirable consequences and 
the certainty around that difference, the more likely a strong recommendation. The 
smaller the net benefit and the lower the certainty for that benefit, the more likely a 
weak recommendation.

Certainty in or similar values  
(Is there certainty or similarity?)

The more certainty or similarity in values and preferences, the more likely a strong 
recommendation.

Resource implications  
(Are resources worth expected benefits?)

The lower the cost of an intervention compared to the alternative and other costs related to 
the decision–ie, fewer resources consumed–the more likely a strong recommendation.
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p = 0.001). A large number of other observational studies using 
similar forms of early quantitative resuscitation in comparable 
patient populations have shown significant mortality reduction 
compared to the institutions’ historical controls (Supplemental 
Digital Content 2, http://links.lww.com/CCM/A615). Phase III 
of the SSC activities, the international performance improve-
ment program, showed that the mortality of septic patients 
presenting with both hypotension and lactate ≥ 4 mmol/L was 
46.1%, similar to the 46.6% mortality found in the first trial cited 
above (15). As part of performance improvement programs, 
some hospitals have lowered the lactate threshold for triggering 
quantitative resuscitation in the patient with severe sepsis, but 
these thresholds have not been subjected to randomized trials.

The consensus panel judged use of CVP and SvO
2
 targets 

to be recommended physiologic targets for resuscitation. 
Although there are limitations to CVP as a marker of 
intravascular volume status and response to fluids, a low CVP 

generally can be relied upon as supporting positive response to 
fluid loading. Either intermittent or continuous measurements 
of oxygen saturation were judged to be acceptable. During 
the first 6 hrs of resuscitation, if ScvO

2
 less than 70% or SvO

2
 

equivalent of less than 65% persists with what is judged to be 
adequate intravascular volume repletion in the presence of 
persisting tissue hypoperfusion, then dobutamine infusion (to a 
maximum of 20 μg/kg/min) or transfusion of packed red blood 
cells to achieve a hematocrit of greater than or equal to 30% in 
attempts to achieve the ScvO

2
 or SvO

2
 goal are options. The strong 

recommendation for achieving a CVP of 8 mm Hg and an ScvO
2
 

of 70% in the first 6 hrs of resuscitation of sepsis-induced tissue 
hypoperfusion, although deemed desirable, are not yet the 
standard of care as verified by practice data. The publication 
of the initial results of the international SSC performance 
improvement program demonstrated that adherence to CVP 
and ScvO

2
 targets for initial resuscitation was low (15).

TAbLE 5. Recommendations: Initial Resuscitation and Infection Issues 

A. Initial Resuscitation

1.  Protocolized, quantitative resuscitation of patients with sepsis- induced tissue hypoperfusion (defined in this document as hypotension 
persisting after initial fluid challenge or blood lactate concentration ≥ 4 mmol/L). Goals during the first 6 hrs of resuscitation:

a) Central venous pressure 8–12 mm Hg

b) Mean arterial pressure (MAP) ≥ 65 mm Hg

c) Urine output ≥ 0.5 mL/kg/hr

d) Central venous (superior vena cava) or mixed venous oxygen saturation 70% or 65%, respectively (grade 1C). 

2. In patients with elevated lactate levels targeting resuscitation to normalize lactate (grade 2C).

b. Screening for Sepsis and Performance Improvement

1.  Routine screening of potentially infected seriously ill patients for severe sepsis to allow earlier implementation of therapy (grade 1C). 

2. Hospital–based performance improvement efforts in severe sepsis (UG).

C. Diagnosis

1.  Cultures as clinically appropriate before antimicrobial therapy if no significant delay (> 45 mins) in the start of antimicrobial(s) (grade 
1C). At least 2 sets of blood cultures (both aerobic and anaerobic bottles) be obtained before antimicrobial therapy with at least 1 drawn 
percutaneously and 1 drawn through each vascular access device, unless the device was recently (<48  hrs) inserted (grade 1C).

2.  Use of the 1,3 beta-D-glucan assay (grade 2B), mannan and anti-mannan antibody assays (2C), if available and invasive 
candidiasis is in differential diagnosis of cause of infection.

3. Imaging studies performed promptly to confirm a potential source of infection (UG).

D. Antimicrobial Therapy

1.  Administration of effective intravenous antimicrobials within the first hour of recognition of septic shock (grade 1B) and severe 
sepsis without septic shock (grade 1C) as the goal of therapy.

2a.  Initial empiric anti-infective therapy of one or more drugs that have activity against all likely pathogens (bacterial and/or fungal or 
viral) and that penetrate in adequate concentrations into tissues presumed to be the source of sepsis (grade 1B).

2b. Antimicrobial regimen should be reassessed daily for potential deescalation (grade 1B).

3.  Use of low procalcitonin levels or similar biomarkers to assist the clinician in the discontinuation of empiric antibiotics in patients 
who initially appeared septic, but have no subsequent evidence of infection (grade 2C).

4a.  Combination empirical therapy for neutropenic patients with severe sepsis (grade 2B) and for patients with difficult-to-treat, multidrug- 
resistant bacterial pathogens such as Acinetobacter and Pseudomonas spp. (grade 2B). For patients with severe infections 
associated with respiratory failure and septic shock, combination therapy with an extended spectrum beta-lactam and either an 
aminoglycoside or a fluoroquinolone is for P. aeruginosa bacteremia (grade 2B). A combination of beta-lactam and macrolide for 
patients with septic shock from bacteremic Streptococcus pneumoniae infections (grade 2B).

(Continued)
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In mechanically ventilated patients or those with known 
preexisting decreased ventricular compliance, a higher target 
CVP of 12 to 15 mm Hg should be achieved to account for 
the impediment in filling (16). Similar consideration may be 
warranted in circumstances of increased abdominal pressure 
(17). Elevated CVP may also be seen with preexisting clini-
cally significant pulmonary artery hypertension, making use 
of this variable untenable for judging intravascular volume 
status. Although the cause of tachycardia in septic patients 
may be multifactorial, a decrease in elevated pulse rate with 
fluid resuscitation is often a useful marker of improving intra-
vascular filling. Published observational studies have dem-
onstrated an association between good clinical outcome in 
septic shock and MAP ≥ 65 mm Hg as well as ScvO

2
 ≥ 70%  

(measured in the superior vena cava, either intermittently or 
continuously [18]). Many studies support the value of early 
protocolized resuscitation in severe sepsis and sepsis-induced 
tissue hypoperfusion (19–24). Studies of patients with shock 
indicate that SvO

2
 runs 5% to 7% lower than ScvO

2
 (25). While 

the committee recognized the controversy surrounding 
resuscitation targets, an early quantitative resuscitation pro-
tocol using CVP and venous blood gases can be readily estab-
lished in both emergency department and ICU settings (26). 
Recognized limitations to static ventricular filling pressure 
estimates exist as surrogates for fluid resuscitation (27, 28), but 
measurement of CVP is currently the most readily obtainable 
target for fluid resuscitation. Targeting dynamic measures of 

fluid responsiveness during resuscitation, including flow and 
possibly volumetric indices and microcirculatory changes, 
may have advantages (29–32). Available technologies allow 
measurement of flow at the bedside (33, 34); however, the effi-
cacy of these monitoring techniques to influence clinical out-
comes from early sepsis resuscitation remains incomplete and 
requires further study before endorsement.

The global prevalence of severe sepsis patients initially pre-
senting with either hypotension with lactate ≥ 4 mmol//L, hypo-
tension alone, or lactate ≥ 4 mmol/L alone, is reported as 16.6%, 
49.5%, and 5.4%, respectively (15). The mortality rate is high in 
septic patients with both hypotension and lactate ≥ 4 mmol/L 
(46.1%) (15), and is also increased in severely septic patients 
with hypotension alone (36.7%) and lactate ≥ 4 mmol/L alone 
(30%) (15). If ScvO

2
 is not available, lactate normalization may 

be a feasible option in the patient with severe sepsis-induced 
tissue hypoperfusion. ScvO

2
 and lactate normalization may also 

be used as a combined endpoint when both are available. Two 
multicenter randomized trials evaluated a resuscitation strat-
egy that included lactate reduction as a single target or a tar-
get combined with ScvO

2
 normalization (35, 36). The first trial 

reported that early quantitative resuscitation based on lactate 
clearance (decrease by at least 10%) was noninferior to early 
quantitative resuscitation based on achieving ScvO

2
 of 70% or 

more (35). The intention-to-treat group contained 300, but the 
number of patients actually requiring either ScvO

2
 normalization 

or lactate clearance was small (n = 30). The second trial included 

TAbLE 5. (Continued) Recommendations: Initial Resuscitation and Infection Issues

4b.  Empiric combination therapy should not be administered for more than 3–5 days. De-escalation to the most appropriate single 
therapy should be performed as soon as the susceptibility profile is known (grade 2B).

5.  Duration of therapy typically 7–10 days; longer courses may be appropriate in patients who have a slow clinical response, 
undrainable foci of infection, bacteremia with S. aureus; some fungal and viral infections or immunologic deficiencies, including 
neutropenia (grade 2C).

6. Antiviral therapy initiated as early as possible in patients with severe sepsis or septic shock of viral origin (grade 2C).

7. Antimicrobial agents should not be used in patients with severe inflammatory states determined to be of noninfectious cause 
(UG).

E. Source Control

1. A specific anatomical diagnosis of infection requiring consideration for emergent source control be sought and diagnosed or 
excluded as rapidly as possible, and intervention be undertaken for source control within the first 12 hr after the diagnosis is 
made, if feasible (grade 1C).

2. When infected peripancreatic necrosis is identified as a potential source of infection, definitive intervention is best delayed until 
adequate demarcation of viable and nonviable tissues has occurred (grade 2B).

3. When source control in a severely septic patient is required, the effective intervention associated with the least physiologic insult 
should be used (eg, percutaneous rather than surgical drainage of an abscess) (UG).

4.  If intravascular access devices are a possible source of severe sepsis or septic shock, they should be removed promptly after 
other vascular access has been established (UG).

F. Infection Prevention

1a.  Selective oral decontamination and selective digestive decontamination should be introduced and investigated as a method to 
reduce the incidence of ventilator-associated pneumonia; This infection control measure can then be instituted in health care 
settings and regions where this methodology is found to be effective (grade 2B).

1b.  Oral chlorhexidine gluconate be used as a form of oropharyngeal decontamination to reduce the risk of ventilator-associated 
pneumonia in ICU patients with severe sepsis (grade 2B).
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348 patients with lactate levels ≥ 3 mmol/L (36). The strategy in 
this trial was based on a greater than or equal to 20% decrease 
in lactate levels per 2 hrs of the first 8 hrs in addition to ScvO

2
 

target achievement, and was associated with a 9.6% absolute 
reduction in mortality (p = 0.067; adjusted hazard ratio, 0.61;  
95% CI, 0.43−0.87; p = 0.006).

b. Screening for Sepsis and Performance  
Improvement 

1. We recommend routine screening of potentially infected 
seriously ill patients for severe sepsis to increase the early 
identification of sepsis and allow implementation of early 
sepsis therapy (grade 1C).

Rationale. The early identification of sepsis and imple-
mentation of early evidence-based therapies have been doc-
umented to improve outcomes and decrease sepsis-related 
mortality (15). Reducing the time to diagnosis of severe sepsis 
is thought to be a critical component of reducing mortality 
from sepsis-related multiple organ dysfunction (35). Lack of 
early recognition is a major obstacle to sepsis bundle initiation. 
Sepsis screening tools have been developed to monitor ICU 
patients (37–41), and their implementation has been associ-
ated with decreased sepsis-related mortality (15).

2. Performance improvement efforts in severe sepsis should be 
used to improve patient outcomes (UG).

Rationale. Performance improvement efforts in sepsis have 
been associated with improved patient outcomes (19, 42–46). 
Improvement in care through increasing compliance with sep-
sis quality indicators is the goal of a severe sepsis performance 
improvement program (47). Sepsis management requires a mul-
tidisciplinary team (physicians, nurses, pharmacy, respiratory, 
dieticians, and administration) and multispecialty collaboration 
(medicine, surgery, and emergency medicine) to maximize the 
chance for success. Evaluation of process change requires consis-
tent education, protocol development and implementation, data 
collection, measurement of indicators, and feedback to facilitate 
the continuous performance improvement. Ongoing educational 
sessions provide feedback on indicator compliance and can help 
identify areas for additional improvement efforts. In addition to 
traditional continuing medical education efforts to introduce 
guidelines into clinical practice, knowledge translation efforts 
have recently been introduced as a means to promote the use of 
high-quality evidence in changing behavior (48). Protocol imple-
mentation associated with education and performance feedback 
has been shown to change clinician behavior and is associated 
with improved outcomes and cost-effectiveness in severe sepsis 
(19, 23, 24, 49). In partnership with the Institute for Healthcare 
Improvement, phase III of the Surviving Sepsis Campaign targeted 
the implementation of a core set (“bundle”) of recommendations 
in hospital environments where change in behavior and clinical 
impact were measured (50). The SSC guidelines and bundles can 
be used as the basis of a sepsis performance improvement program.

Application of the SSC sepsis bundles led to sustained, 
continuous quality improvement in sepsis care and was associated 
with reduced mortality (15). Analysis of the data from nearly 

32,000 patient charts gathered from 239 hospitals in 17 countries 
through September 2011 as part of phase III of the campaign 
informed the revision of the bundles in conjunction with the 
2012 guidelines. As a result, for the 2012 version, the management 
bundle was dropped and the resuscitation bundle was broken into 
two parts and modified as shown in Figure 1. For performance 
improvement quality indicators, resuscitation target thresholds 
are not considered. However, recommended targets from the 
guidelines are included with the bundles for reference purposes.

C. Diagnosis

1. We recommend obtaining appropriate cultures before anti-
microbial therapy is initiated if such cultures do not cause sig-
nificant delay (> 45 minutes) in the start of antimicrobial(s) 
administration (grade 1C). To optimize identification of caus-
ative organisms, we recommend obtaining at least two sets of 
blood cultures (both aerobic and anaerobic bottles) before 
antimicrobial therapy, with at least one drawn percutaneously 
and one drawn through each vascular access device, unless 
the device was recently (< 48 hours) inserted. These blood 
cultures can be drawn at the same time if they are obtained 
from different sites. Cultures of other sites (preferably quan-
titative where appropriate), such as urine, cerebrospinal fluid, 
wounds, respiratory secretions, or other body fluids that may 
be the source of infection, should also be obtained before 
antimicrobial therapy if doing so does not cause significant 
delay in antibiotic administration (grade 1C).

Rationale. Although sampling should not delay timely 
administration of antimicrobial agents in patients with severe 
sepsis (eg, lumbar puncture in suspected meningitis), obtain-
ing appropriate cultures before administration of antimicrobials 
is essential to confirm infection and the responsible pathogens, 
and to allow de-escalation of antimicrobial therapy after receipt 
of the susceptibility profile. Samples can be refrigerated or fro-
zen if processing cannot be performed immediately. Because 
rapid sterilization of blood cultures can occur within a few 
hours after the first antimicrobial dose, obtaining those cultures 
before therapy is essential if the causative organism is to be iden-
tified. Two or more blood cultures are recommended (51). In 
patients with indwelling catheters (for more than 48 hrs), at least 
one blood culture should be drawn through each lumen of each 
vascular access device (if feasible, especially for vascular devices 
with signs of inflammation, catheter dysfunction, or indicators 
of thrombus formation). Obtaining blood cultures peripherally 
and through a vascular access device is an important strategy. If 
the same organism is recovered from both cultures, the likeli-
hood that the organism is causing the severe sepsis is enhanced.

In addition, if equivalent volumes of blood drawn for cul-
ture and the vascular access device is positive much earlier than 
the peripheral blood culture (ie, more than 2 hrs earlier), the 
data support the concept that the vascular access device is the 
source of the infection (36, 51, 52). Quantitative cultures of 
catheter and peripheral blood may also be useful for determin-
ing whether the catheter is the source of infection. The volume 
of blood drawn with the culture tube should be ≥ 10 mL (53). 
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Quantitative (or semiquantitative) cultures of respiratory tract 
secretions are often recommended for the diagnosis of venti-
lator-associated pneumonia (54), but their diagnostic value 
remains unclear (55).

The Gram stain can be useful, in particular for respiratory 
tract specimens, to determine if inflammatory cells are pres-
ent (greater than five polymorphonuclear leukocytes/high-
powered field and less than ten squamous cells/low-powered 
field) and if culture results will be informative of lower respi-
ratory pathogens. Rapid influenza antigen testing during peri-
ods of increased influenza activity in the community is also 
recommended. A focused history can provide vital informa-
tion about potential risk factors for infection and likely patho-
gens at specific tissue sites. The potential role of biomarkers 
for diagnosis of infection in patients presenting with severe 
sepsis remains undefined. The utility of procalcitonin levels or 
other biomarkers (such as C-reactive protein) to discriminate 
the acute inflammatory pattern of sepsis from other causes of 
generalized inflammation (eg, postoperative, other forms of 
shock) has not been demonstrated. No recommendation can 
be given for the use of these markers to distinguish between 
severe infection and other acute inflammatory states (56–58).

In the near future, rapid, non-culture-based diagnostic meth-
ods (polymerase chain reaction, mass spectroscopy, microar-
rays) might be helpful for a quicker identification of pathogens 
and major antimicrobial resistance determinants (59). These 
methodologies could be particularly useful for difficult-to-cul-
ture pathogens or in clinical situations where empiric antimi-
crobial agents have been administered before culture samples 
were been obtained. Clinical experience remains limited, and 
more clinical studies are needed before recommending these 
non-culture molecular methods as a replacement for standard 
blood culture methods (60, 61).

2. We suggest the use of the 1,3 β-d-glucan assay (grade 2B), 
mannan and anti-mannan antibody assays (grade 2C) 
when invasive candidiasis is in the differential diagnosis of 
infection. 

Rationale. The diagnosis of 
systemic fungal infection (usu-
ally candidiasis) in the critically 
ill patient can be challenging, 
and rapid diagnostic methodolo-
gies, such as antigen and antibody 
detection assays, can be helpful in 
detecting candidiasis in the ICU 
patient. These suggested tests have 
shown positive results significantly 
earlier than standard culture meth-
ods (62–67), but false-positive 
reactions can occur with coloni-
zation alone, and their diagnostic 
utility in managing fungal infec-
tion in the ICU needs additional 
study (65).

3. We recommend that imaging studies be performed 
promptly in attempts to confirm a potential source of infec-
tion. Potential sources of infection should be sampled as 
they are identified and in consideration of patient risk for 
transport and invasive procedures (eg, careful coordination 
and aggressive monitoring if the decision is made to trans-
port for a CT-guided needle aspiration). Bedside studies, 
such as ultrasound, may avoid patient transport (UG).

Rationale. Diagnostic studies may identify a source of 
infection that requires removal of a foreign body or drainage to 
maximize the likelihood of a satisfactory response to therapy. 
Even in the most organized and well-staffed healthcare facili-
ties, however, transport of patients can be dangerous, as can 
be placing patients in outside-unit imaging devices that are 
difficult to access and monitor. Balancing risk and benefit is 
therefore mandatory in those settings.

D. Antimicrobial Therapy

1. The administration of effective intravenous antimicrobials 
within the first hour of recognition of septic shock (grade 
1B) and severe sepsis without septic shock (grade 1C) 
should be the goal of therapy. Remark: Although the weight 
of the evidence supports prompt administration of antibi-
otics following the recognition of severe sepsis and septic 
shock, the feasibility with which clinicians may achieve this 
ideal state has not been scientifically evaluated.

Rationale. Establishing vascular access and initiating 
aggressive fluid resuscitation are the first priorities when 
managing patients with severe sepsis or septic shock. Prompt 
infusion of antimicrobial agents should also be a priority and 
may require additional vascular access ports (68, 69). In the 
presence of septic shock, each hour delay in achieving admin-
istration of effective antibiotics is associated with a measurable 
increase in mortality in a number of studies (15, 68, 70–72). 
Overall, the preponderance of data support giving antibiot-
ics as soon as possible in patients with severe sepsis with or 
without septic shock (15, 68, 70–77). The administration of 

Figure 1.  Surviving Sepsis Campaign Care Bundles.

SURVIVING SEPSIS CAMPAIGN BUNDLES

TO BE COMPLETED WITHIN 3 HOURS:
1) Measure lactate level 
2) Obtain blood cultures prior to administration of antibiotics 
3) Administer broad spectrum antibiotics 
4) Administer 30 mL/kg crystalloid for hypotension or lactate 4mmol/L 

TO BE COMPLETED WITHIN 6 HOURS:
5) Apply vasopressors (for hypotension that does not respond to initial fluid resuscitation)

to maintain a mean arterial pressure (MAP) ≥ 65 mm Hg
6) In the event of persistent arterial hypotension despite volume resuscitation (septic 

shock) or initial lactate 4 mmol/L (36 mg/dL): 
 - Measure central venous pressure (CVP)*  

- Measure central venous oxygen saturation (ScvO2)* 
7) Remeasure lactate if initial lactate was elevated* 

*Targets for quantitative resuscitation included in the guidelines are CVP of ≥8 mm Hg, 
ScvO2  of 70%, and normalization of lactate. 
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antimicrobial agents with a spectrum of activity likely to treat 
the responsible pathogen(s) effectively within 1 hr of the diag-
nosis of severe sepsis and septic shock. Practical considerations, 
for example challenges with clinicians’ early identification of 
patients or operational complexities in the drug delivery chain, 
represent unstudied variables that may impact achieving this 
goal. Future trials should endeavor to provide an evidence base 
in this regard. This should be the target goal when managing 
patients with septic shock, whether they are located within the 
hospital ward, the emergency department, or the ICU. The 
strong recommendation for administering antibiotics within 1 
hr of the diagnosis of severe sepsis and septic shock, although 
judged to be desirable, is not yet the standard of care as verified 
by published practice data (15).

If antimicrobial agents cannot be mixed and delivered promptly 
from the pharmacy, establishing a supply of premixed antibiotics 
for such urgent situations is an appropriate strategy for ensuring 
prompt administration. Many antibiotics will not remain stable if 
premixed in a solution. This risk must be taken into consideration 
in institutions that rely on premixed solutions for rapid availabil-
ity of antibiotics. In choosing the antimicrobial regimen, clinicians 
should be aware that some antimicrobial agents have the advan-
tage of bolus administration, while others require a lengthy infu-
sion. Thus, if vascular access is limited and many different agents 
must be infused, bolus drugs may offer an advantage.

2a. We recommend that initial empiric anti-infective therapy 
include one or more drugs that have activity against all 
likely pathogens (bacterial and/or fungal or viral) and that 
penetrate in adequate concentrations into the tissues pre-
sumed to be the source of sepsis (grade 1B).

Rationale. The choice of empirical antimicrobial therapy 
depends on complex issues related to the patient’s history, 
including drug intolerances, recent receipt of antibiotics (previ-
ous 3 months), underlying disease, the clinical syndrome, and 
susceptibility patterns of pathogens in the community and hos-
pital, and that previously have been documented to colonize 
or infect the patient. The most common pathogens that cause 
septic shock in hospitalized patients are Gram-positive bac-
teria, followed by Gram-negative and mixed bacterial micro-
organisms. Candidiasis, toxic shock syndromes, and an array 
of uncommon pathogens should be considered in selected 
patients. An especially wide range of potential pathogens exists 
for neutropenic patients. Recently used anti- infective agents 
should generally be avoided. When choosing empirical therapy, 
clinicians should be cognizant of the virulence and growing 
prevalence of oxacillin (methicillin)- resistant Staphylococcus 
aureus, and resistance to broad-spectrum beta-lactams and car-
bapenem among Gram-negative bacilli in some communities 
and healthcare settings. Within regions in which the prevalence 
of such drug-resistant organisms is significant, empiric therapy 
adequate to cover these pathogens is warranted.

Clinicians should also consider whether candidemia is a 
likely pathogen when choosing initial therapy. When deemed 
warranted, the selection of empirical antifungal therapy (eg, an 
echinocandin, triazoles such as fluconazole, or a formulation 

of amphotericin B) should be tailored to the local pattern of 
the most prevalent Candida species and any recent exposure 
to antifungal drugs (78). Recent Infectious Diseases Society 
of America (IDSA) guidelines recommend either fluconazole 
or an echinocandin. Empiric use of an echinocandin is pre-
ferred in most patients with severe illness, especially in those 
patients who have recently been treated with antifungal agents, 
or if Candida glabrata infection is suspected from earlier cul-
ture data. Knowledge of local resistance patterns to antifungal 
agents should guide drug selection until fungal susceptibility 
test results, if available, are performed. Risk factors for candi-
demia, such as immunosuppressed or neutropenic state, prior 
intense antibiotic therapy, or colonization in multiple sites, 
should also be considered when choosing initial therapy.

Because patients with severe sepsis or septic shock have little 
margin for error in the choice of therapy, the initial selection 
of antimicrobial therapy should be broad enough to cover all 
likely pathogens. Antibiotic choices should be guided by local 
prevalence patterns of bacterial pathogens and susceptibility 
data. Ample evidence exists that failure to initiate appropriate 
therapy (ie, therapy with activity against the pathogen that is 
subsequently identified as the causative agent) correlates with 
increased morbidity and mortality in patients with severe sep-
sis or septic shock (68, 71, 79, 80). Recent exposure to anti-
microbials (within last 3 months) should be considered in 
the choice of an empiric antibacterial regimen. Patients with 
severe sepsis or septic shock warrant broad-spectrum therapy 
until the causative organism and its antimicrobial susceptibili-
ties are defined. Although a global restriction of antibiotics is 
an important strategy to reduce the development of antimi-
crobial resistance and to reduce cost, it is not an appropri-
ate strategy in the initial therapy for this patient population. 
However, as soon as the causative pathogen has been identi-
fied, de-escalation should be performed by selecting the most 
appropriate antimicrobial agent that covers the pathogen 
and is safe and cost-effective. Collaboration with antimicro-
bial stewardship programs, where they exist, is encouraged to 
ensure appropriate choices and rapid availability of effective 
antimicrobials for treating septic patients. All patients should 
receive a full loading dose of each agent. Patients with sepsis 
often have abnormal and vacillating renal or hepatic function, 
or may have abnormally high volumes of distribution due to 
aggressive fluid resuscitation, requiring dose adjustment. Drug 
serum concentration monitoring can be useful in an ICU set-
ting for those drugs that can be measured promptly. Significant 
expertise is required to ensure that serum concentrations max-
imize efficacy and minimize toxicity (81, 82).

2b. The antimicrobial regimen should be reassessed daily for 
potential de-escalation to prevent the development of resis-
tance, to reduce toxicity, and to reduce costs (grade 1B).

Rationale. Once the causative pathogen has been identified, 
the most appropriate antimicrobial agent that covers the pathogen 
and is safe and cost-effective should be selected. On occasion, 
continued use of specific combinations of antimicrobials 
might be indicated even after susceptibility testing is available 
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(eg, Pseudomonas spp. only susceptible to aminoglycosides; 
enterococcal endocarditis; Acinetobacter spp. infections susceptible 
only to polymyxins). Decisions on definitive antibiotic choices 
should be based on the type of pathogen, patient characteristics, 
and favored hospital treatment regimens.

Narrowing the spectrum of antimicrobial coverage and 
reducing the duration of antimicrobial therapy will reduce the 
likelihood that the patient will develop superinfection with 
other pathogenic or resistant organisms, such as Candida spe-
cies, Clostridium difficile, or vancomycin-resistant Enterococcus 
faecium. However, the desire to minimize superinfections and 
other complications should not take precedence over giving an 
adequate course of therapy to cure the infection that caused 
the severe sepsis or septic shock.

3. We suggest the use of low procalcitonin levels or similar 
biomarkers to assist the clinician in the discontinuation 
of empiric antibiotics in patients who appeared septic, but 
have no subsequent evidence of infection (grade 2C).

Rationale. This suggestion is predicated on the preponder-
ance of the published literature relating to the use of procalcito-
nin as a tool to discontinue unnecessary antimicrobials (58, 83). 
However, clinical experience with this strategy is limited and the 
potential for harm remains a concern (83). No evidence demon-
strates that this practice reduces the prevalence of antimicrobial 
resistance or the risk of antibiotic-related diarrhea from C. dif-
ficile. One recent study failed to show any benefit of daily procal-
citonin measurement in early antibiotic therapy or survival (84).

4a. Empiric therapy should attempt to provide antimicrobial 
activity against the most likely pathogens based upon each 
patient’s presenting illness and local patterns of infection. 
We suggest combination empiric therapy for neutropenic 
patients with severe sepsis (grade 2B) and for patients with 
difficult-to-treat, multidrug-resistant bacterial pathogens 
such as Acinetobacter and Pseudomonas spp. (grade 2B). 
For selected patients with severe infections associated with 
respiratory failure and septic shock, combination therapy 
with an extended spectrum beta-lactam and either an ami-
noglycoside or a fluoroquinolone is suggested for P. aeru-
ginosa bacteremia (grade 2B). Similarly, a more complex 
combination of beta-lactam and a macrolide is suggested 
for patients with septic shock from bacteremic Streptococ-
cus pneumoniae infections (grade 2B).

Rationale. Complex combinations might be needed in set-
tings where highly antibiotic-resistant pathogens are preva-
lent, with such regimens incorporating carbapenems, colistin, 
rifampin, or other agents. However, a recent controlled trial 
suggested that adding a fluoroquinolone to a carbapenem as 
empiric therapy did not improve outcome in a population at 
low risk for infection with resistant microorganisms (85).

4b. We suggest that combination therapy, when used empirically 
in patients with severe sepsis, should not be administered 
for longer than 3 to 5 days. De-escalation to the most appro-
priate single-agent therapy should be performed as soon as 
the susceptibility profile is known (grade 2B). Exceptions 

would include aminoglycoside monotherapy, which should 
be generally avoided, particularly for P. aeruginosa sepsis, 
and for selected forms of endocarditis, where prolonged 
courses of combinations of antibiotics are warranted.

Rationale. A propensity-matched analysis, meta-analysis, 
and meta-regression analysis, along with additional observa-
tional studies, have demonstrated that combination therapy 
produces a superior clinical outcome in severely ill, septic 
patients with a high risk of death (86–90). In light of the 
increasing frequency of resistance to antimicrobial agents 
in many parts of the world, broad-spectrum coverage gen-
erally requires the initial use of combinations of antimi-
crobial agents. Combination therapy used in this context 
connotes at least two different classes of antibiotics (usually 
a beta-lactam agent with a macrolide, fluoroquinolone, or 
aminoglycoside for select patients). A controlled trial sug-
gested, however, that when using a carbapenem as empiric 
therapy in a population at low risk for infection with resis-
tant microorganisms, the addition of a fluoroquinolone 
does not improve outcomes of patients (85). A number of 
other recent observational studies and some small, pro-
spective trials support initial combination therapy for 
selected patients with specific pathogens (eg, pneumococ-
cal sepsis, multidrug-resistant Gram-negative pathogens)  
(91–93), but evidence from adequately powered, random-
ized clinical trials is not available to support combination 
over monotherapy other than in septic patients at high risk 
of death. In some clinical scenarios, combination therapies 
are biologically plausible and are likely clinically useful even 
if evidence has not demonstrated improved clinical outcome 
(89, 90, 94, 95). Combination therapy for suspected or known 
Pseudomonas aeruginosa or other multidrug-resistant Gram-
negative pathogens, pending susceptibility results, increases 
the likelihood that at least one drug is effective against that 
strain and positively affects outcome (88, 96).

5. We suggest that the duration of therapy typically be 7 to 10 
days if clinically indicated; longer courses may be appropri-
ate in patients who have a slow clinical response, undrain-
able foci of infection, bacteremia with S. aureus; some fungal 
and viral infections, or immunologic deficiencies, including 
neutropenia (grade 2C).

Rationale. Although patient factors may influence the length 
of antibiotic therapy, in general, a duration of 7-10 days (in the 
absence of source control issues) is adequate. Thus, decisions to 
continue, narrow, or stop antimicrobial therapy must be made 
on the basis of clinician judgment and clinical information. Cli-
nicians should be cognizant of blood cultures being negative in 
a significant percentage of cases of severe sepsis or septic shock, 
despite the fact that many of these cases are very likely caused 
by bacteria or fungi. Clinicians should be cognizant that blood 
cultures will be negative in a significant percentage of cases of 
severe sepsis or septic shock, despite many of these cases are 
very likely caused by bacteria or fungi.
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6. We suggest that antiviral therapy be initiated as early as pos-
sible in patients with severe sepsis or septic shock of viral 
origin (grade 2C). 

Rationale. Recommendations for antiviral treatment 
include the use of: a) early antiviral treatment of suspected 
or confirmed influenza among persons with severe influenza 
(eg, those who have severe, complicated, or progressive illness 
or who require hospitalization); b) early antiviral treatment 
of suspected or confirmed influenza among persons at 
higher risk for influenza complications; and c) therapy with a 
neuraminidase inhibitor (oseltamivir or zanamivir) for persons 
with influenza caused by 2009 H1N1 virus, influenza A (H3N2) 
virus, or influenza B virus, or when the influenza virus type or 
influenza A virus subtype is unknown (97, 98). Susceptibility 
to antivirals is highly variable in a rapidly evolving virus such 
as influenza, and therapeutic decisions must be guided by 
updated information regarding the most active, strain-specific, 
antiviral agents during influenza epidemics (99, 100).

The role of cytomegalovirus (CMV) and other herpesviruses 
as significant pathogens in septic patients, especially those not 
known to be severely immunocompromised, remains unclear. 
Active CMV viremia is common (15%−35%) in critically ill 
patients; the presence of CMV in the bloodstream has been 
repeatedly found to be a poor prognostic indicator (101, 102). 
What is not known is whether CMV simply is a marker of dis-
ease severity or if the virus actually contributes to organ injury 
and death in septic patients (103). No treatment recommen-
dations can be given based on the current level of evidence. 
In those patients with severe primary or generalized varicella-
zoster virus infections, and in rare patients with disseminated 
herpes simplex infections, antiviral agents such as acyclovir 
can be highly effective when initiated early in the course of 
infection (104).

7. We recommend that antimicrobial agents not be used in 
patients with severe inflammatory states determined to be 
of noninfectious cause (UG).

Rationale. When infection is found not to be present, 
antimicrobial therapy should be stopped promptly to mini-
mize the likelihood that the patient will become infected 
with an antimicrobial-resistant pathogen or will develop a 
drug-related adverse effect. Although it is important to stop 
unnecessary antibiotics early, clinicians should be cogni-
zant that blood cultures will be negative in more than 50% 
of cases of severe sepsis or septic shock if the patients are 
receiving empiric antimicrobial therapy; yet many of these 
cases are very likely caused by bacteria or fungi. Thus, the 
decisions to continue, narrow, or stop antimicrobial therapy 
must be made on the basis of clinician judgment and clinical 
information.

E. Source Control

1. We recommend that a specific anatomical diagnosis of 
infection requiring consideration for emergent source con-
trol (eg, necrotizing soft tissue infection, peritonitis, chol-
angitis, intestinal infarction) be sought and diagnosed or 

excluded as rapidly as possible, and intervention be under-
taken for source control within the first 12 hr after the diag-
nosis is made, if feasible (grade 1C).

2. We suggest that when infected peripancreatic necrosis is 
identified as a potential source of infection, definitive inter-
vention is best delayed until adequate demarcation of viable 
and nonviable tissues has occurred (grade 2B).

3. When source control in a severely septic patient is required, 
the effective intervention associated with the least physi-
ologic insult should be used (eg, percutaneous rather than 
surgical drainage of an abscess) (UG).

4. If intravascular access devices are a possible source  
of severe sepsis or septic shock, they should be  
removed promptly after other vascular access has been 
established (UG).

Rationale. The principles of source control in the manage-
ment of sepsis include a rapid diagnosis of the specific site of 
infection and identification of a focus of infection amenable 
to source control measures (specifically the drainage of an 
abscess, debridement of infected necrotic tissue, removal of a 
potentially infected device, and definitive control of a source 
of ongoing microbial contamination) (105). Foci of infec-
tion readily amenable to source control measures include an 
intra-abdominal abscess or gastrointestinal perforation, chol-
angitis or pyelonephritis, intestinal ischemia or necrotizing 
soft tissue infection, and other deep space infection, such as 
an empyema or septic arthritis. Such infectious foci should 
be controlled as soon as possible following successful initial 
resuscitation (106–108), and intravascular access devices 
that are potentially the source of severe sepsis or septic shock 
should be removed promptly after establishing other sites for 
vascular access (109, 110).

A randomized, controlled trial (RCT) comparing early 
to delayed surgical intervention for peripancreatic necro-
sis showed better outcomes with a delayed approach (111). 
Moreover, a randomized surgical study found that a mini-
mally invasive, step-up approach was better tolerated by 
patients and had a lower mortality than open necrosectomy 
in necrotizing pancreatitis (112), although areas of uncer-
tainty exist, such as definitive documentation of infection and 
appropriate length of delay. The selection of optimal source 
control methods must weigh the benefits and risks of the 
specific intervention as well as risks of transfer (113). Source 
control interventions may cause further complications, such 
as bleeding, fistulas, or inadvertent organ injury. Surgical 
intervention should be considered when other interventional 
approaches are inadequate or when diagnostic uncertainty 
persists despite radiologic evaluation. Specific clinical situa-
tions require consideration of available choices, the patient’s 
preferences, and the clinician’s expertise.

F. Infection Prevention

1a. We suggest that selective oral decontamination (SOD) 
and selective digestive decontamination (SDD) should 
be introduced and investigated as a method to reduce the 
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incidence of ventilator-associated pneumonia (VAP); this 
infection control measure can then be instituted in health-
care settings and regions where this methodology is found 
to be effective (grade 2B).

1b. We suggest oral chlorhexidine gluconate (CHG) be used 
as a form of oropharyngeal decontamination to reduce the 
risk of VAP in ICU patients with severe sepsis (grade 2B).

Rationale. Careful infection control practices (eg, hand 
washing, expert nursing care, catheter care, barrier precau-
tions, airway management, elevation of the head of the bed, 
subglottic suctioning) should be instituted during the care of 
septic patients as reviewed in the nursing considerations for 
the Surviving Sepsis Campaign (114). The role of SDD with 
systemic antimicrobial prophylaxis and its variants (eg, SOD, 
CHG) has been a contentious issue ever since the concept was 
first developed more than 30 years ago. The notion of limit-
ing the acquisition of opportunistic, often multidrug-resistant, 
healthcare-associated microorganisms has its appeal by pro-
moting “colonization resistance” from the resident microbi-
ome existing along mucosal surfaces of the alimentary tract. 
However, the efficacy of SDD, its safety, propensity to prevent 
or promote antibiotic resistance, and cost-effectiveness remain 
debatable despite a number of favorable meta-analyses and 
controlled clinical trials (115). The data indicate an overall 
reduction in VAP but no consistent improvement in mortality, 
except in selected populations in some studies. Most studies 
do not specifically address the efficacy of SDD in patients who 
present with sepsis, but some do (116–118).

Oral CHG is relatively easy to administer, decreases risk of 
nosocomial infection, and reduces the potential concern over 
promotion of antimicrobial resistance by SDD regimens. This 
remains a subject of considerable debate, despite the recent 
evidence that the incidence of antimicrobial resistance does 
not change appreciably with current SDD regimens (119–121). 
The grade 2B was designated for both SOD and CHG as it 
was felt that risk was lower with CHG and the measure better 
accepted despite less published literature than with SOD.

Supplemental Digital Content 3 (http://links.lww.com/
CCM/A615) shows a GRADEpro Summary of Evidence Table 
for the use of topical digestive tract antibiotics and CHG for 
prophylaxis against VAP.

Hemodynamic Support and Adjunctive Therapy 
(Table 6)

G. Fluid Therapy of Severe Sepsis

1. We recommend crystalloids be used as the initial fluid of 
choice in the resuscitation of severe sepsis and septic shock 
(grade 1B).

2. We recommend against the use of hydroxyethyl starches 
(HES) for fluid resuscitation of severe sepsis and septic 
shock (grade 1B). (This recommendation is based on the 
results of the VISEP [128], CRYSTMAS [122], 6S [123], 
and CHEST [124] trials. The results of the recently com-
pleted CRYSTAL trial were not considered.)

3. We suggest the use of albumin in the fluid resuscitation of 
severe sepsis and septic shock when patients require sub-
stantial amounts of crystalloids (grade 2C).

Rationale. The absence of any clear benefit following the 
administration of colloid solutions compared to crystalloid 
solutions, together with the expense associated with colloid 
solutions, supports a high-grade recommendation for the use 
of crystalloid solutions in the initial resuscitation of patients 
with severe sepsis and septic shock. 

Three recent multicenter RCTs evaluating 6% HES 
130/0.4 solutions (tetra starches) have been published. The 
CRYSTMAS study demonstrated no difference in mortality 
with HES vs. 0.9% normal saline (31% vs. 25.3%, p = 0.37)  
in the resuscitation of septic shock patients; however the 
study was underpowered to detect the 6% difference in 
absolute mortality observed (122). In a sicker patient 
cohort, a Scandinavian multicenter study in septic patients 
(6S Trial Group) showed increased mortality rates with 
6% HES 130/0.42 fluid resuscitation compared to Ringer’s 
acetate (51% vs. 43% p = 0.03) (123). The CHEST study, 
conducted in a heterogenous population of patients admit-
ted to intensive care (HES vs. isotonic saline, n = 7000 
critically ill patients), showed no difference in 90-day mor-
tality between resuscitation with 6% HES with a molecular 
weight of 130 kD/0.40 and isotonic saline (18% vs. 17%,  
p = 0.26); the need for renal replacement therapy was higher 
in the HES group (7.0% vs. 5.8%; relative risk [RR], 1.21; 
95% confidence interval [CI], 1.00−1.45; p = 0.04) (124). 
A meta-analysis of 56 randomized trials found no overall 
difference in mortality between crystalloids and artificial 
colloids (modified gelatins, HES, dextran) when used for 
initial fluid resuscitation (125). Information from 3 ran-
domized trials (n = 704 patients with severe sepsis/septic 
shock) did not show survival benefit with use of heta-, 
hexa-, or pentastarches compared to other fluids (RR, 1.15; 
95% CI, 0.95−1.39; random effect; I2 = 0%) (126–128). 
However, these solutions increased the risk of acute kidney 
injury (RR, 1.60; 95% CI, 1.26−2.04; I2 = 0%) (126–128). 
The evidence of harm observed in the 6S and CHEST stud-
ies and the meta-analysis supports a high-level recommen-
dation advising against the use of HES solutions in patients 
with severe sepsis and septic shock, particularly since other 
options for fluid resuscitation exist. The CRYSTAL trial, 
another large prospective clinical trial comparing crystal-
loids and colloids, was recently completed and will provide 
additional insight into HES fluid resuscitation.

The SAFE study indicated that albumin administration 
was safe and equally as effective as 0.9% saline (129). A 
meta-analysis aggregated data from 17 randomized trials  
(n = 1977) of albumin vs. other fluid solutions in patients 
with severe sepsis/septic shock (130); 279 deaths occurred 
among 961 albumin-treated patients vs. 343 deaths among 
1.016 patients treated with other fluids, thus favor-
ing albumin (odds ratio [OR], 0.82; 95% CI, 0.67−1.00;  
I2 = 0%). When albumin-treated patients were compared 
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with those receiving crystalloids (seven trials, n = 1441), the 
OR of dying was significantly reduced for albumin-treated 
patients (OR, 0.78; 95% CI, 0.62−0.99; I2 = 0%). A multi-
center randomized trial (n = 794) in patients with septic 
shock compared intravenous albumin (20 g, 20%) every  
8 hrs for 3 days to intravenous saline solution (130);  
albumin therapy was associated with 2.2% absolute  

reduction in 28-day mortality (from 26.3% to 24.1%), but 
did not achieve statistical significance. These data support 
a low-level recommendation regarding the use of albumin 
in patients with sepsis and septic shock (personal com-
munication from J.P. Mira and as presented at the 32nd 
International ISICEM Congress 2012, Brussels and the 25th 
ESICM Annual Congress 2012, Lisbon).

TAbLE 6. Recommendations: Hemodynamic Support and Adjunctive Therapy

G. Fluid Therapy of Severe Sepsis

 1. Crystalloids as the initial fluid of choice in the resuscitation of severe sepsis and septic shock (grade 1B).

 2. Against the use of hydroxyethyl starches for fluid resuscitation of severe sepsis and septic shock (grade 1B).

 3. Albumin in the fluid resuscitation of severe sepsis and septic shock when patients require substantial amounts of crystalloids (grade 2C).

 4. Initial fluid challenge in patients with sepsis-induced tissue hypoperfusion with suspicion of hypovolemia to achieve a minimum 
of 30 mL/kg of crystalloids (a portion of this may be albumin equivalent). More rapid administration and greater amounts of fluid 
may be needed in some patients (grade 1C).

 5. Fluid challenge technique be applied wherein fluid administration is continued as long as there is hemodynamic improvement either 
based on dynamic (eg, change in pulse pressure, stroke volume variation) or static (eg, arterial pressure, heart rate) variables (UG).

H. Vasopressors

 1. Vasopressor therapy initially to target a mean arterial pressure (MAP) of 65 mm Hg (grade 1C).

 2. Norepinephrine as the first choice vasopressor (grade 1B).

 3. Epinephrine (added to and potentially substituted for norepinephrine) when an additional agent is needed to maintain adequate 
blood pressure (grade 2B).

 4. Vasopressin 0.03 units/minute can be added to norepinephrine (NE) with intent of either raising MAP or decreasing NE 
dosage (UG).

 5. Low dose vasopressin is not recommended as the single initial vasopressor for treatment of sepsis-induced hypotension and 
vasopressin doses higher than 0.03-0.04 units/minute should be reserved for salvage therapy (failure to achieve adequate 
MAP with other vasopressor agents) (UG).

 6. Dopamine as an alternative vasopressor agent to norepinephrine only in highly selected patients (eg, patients with low risk of 
tachyarrhythmias and absolute or relative bradycardia) (grade 2C).

 7. Phenylephrine is not recommended in the treatment of septic shock except in circumstances where (a) norepinephrine is 
associated with serious arrhythmias, (b) cardiac output is known to be high and blood pressure persistently low or (c) as salvage 
therapy when combined inotrope/vasopressor drugs and low dose vasopressin have failed to achieve MAP target (grade 1C).

 8. Low-dose dopamine should not be used for renal protection (grade 1A).

 9. All patients requiring vasopressors have an arterial catheter placed as soon as practical if resources are available (UG).

I. Inotropic Therapy

 1. A trial of dobutamine infusion up to 20 micrograms/kg/min be administered or added to vasopressor (if in use) in the presence 
of (a) myocardial dysfunction as suggested by elevated cardiac filling pressures and low cardiac output, or (b) ongoing signs of 
hypoperfusion, despite achieving adequate intravascular volume and adequate MAP (grade 1C).

 2. Not using a strategy to increase cardiac index to predetermined supranormal levels (grade 1B).

J. Corticosteroids

 1. Not using intravenous hydrocortisone to treat adult septic shock patients if adequate fluid resuscitation and vasopressor 
therapy are able to restore hemodynamic stability (see goals for Initial Resuscitation). In case this is not achievable, we suggest 
intravenous hydrocortisone alone at a dose of 200 mg per day (grade 2C).

 2. Not using the ACTH stimulation test to identify adults with septic shock who should receive hydrocortisone (grade 2B).

 3. In treated patients hydrocortisone tapered when vasopressors are no longer required (grade 2D).

 4. Corticosteroids not be administered for the treatment of sepsis in the absence of shock (grade 1D).

 5. When hydrocortisone is given, use continuous flow (grade 2D).
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4. We recommend an initial fluid challenge in patients 
with sepsis-induced tissue hypoperfusion with suspi-
cion of hypovolemia to achieve a minimum of 30 mL/
kg of crystalloids (a portion of this may be albumin  
equivalent). More rapid administration and greater 
amounts of fluid may be needed in some patients (see Ini-
tial Resuscitation recommendations) (grade 1C).

5. We recommend that a fluid challenge technique be applied 
wherein fluid administration is continued as long as there is 
hemodynamic improvement either based on dynamic (eg, 
change in pulse pressure, stroke volume variation) or static 
(eg, arterial pressure, heart rate) variables (UG).

Rationale. Dynamic tests to assess patients’ responsiveness to 
fluid replacement have become very popular in recent years in 
the ICU (131). These tests are based on monitoring changes in 
stroke volume during mechanical ventilation or after passive leg 
raising in spontaneously breathing patients. A systematic review 
(29 trials, n = 685 critically ill patients) looked at the association 
between stroke volume variation, pulse pressure variation, and/
or stroke volume variation and the change in stroke volume/
cardiac index after a fluid or positive end-expiratory pressure 
challenge (132). The diagnostic OR of fluid responsiveness was 
59.86 (14 trials, 95% CI, 23.88−150.05) and 27.34 (five trials, 
95% CI, 3.46−55.53) for the pulse pressure variation and the 
stroke volume variation, respectively. Utility of pulse pressure 
variation and stroke volume variation is limited in the presence 
of atrial fibrillation, spontaneous breathing, and low pressure 
support breathing. These techniques generally require sedation.

H. Vasopressors

1. We recommend that vasopressor therapy initially target a 
MAP of 65 mm Hg (grade 1C).

Rationale. Vasopressor therapy is required to sustain life 
and maintain perfusion in the face of life-threatening hypoten-
sion, even when hypovolemia has not yet been resolved. Below 
a threshold MAP, autoregulation in critical vascular beds can be 
lost, and perfusion can become linearly dependent on pressure. 
Thus, some patients may require vasopressor therapy to achieve 
a minimal perfusion pressure and maintain adequate flow (133, 
134). The titration of norepinephrine to a MAP as low as 65 mm 
Hg has been shown to preserve tissue perfusion (134). Note that 
the consensus definition of sepsis-induced hypotension for use 
of MAP in the diagnosis of severe sepsis is different (MAP < 
70 mm Hg) from the evidence-based target of 65 mm Hg used in 
this recommendation. In any case, the optimal MAP should be 
individualized as it may be higher in patients with atherosclero-
sis and/or previous hypertension than in young patients without 
cardiovascular comorbidity. For example, a MAP of 65 mm Hg 
might be too low in a patient with severe uncontrolled hyperten-
sion; in a young, previously normotensive patient, a lower MAP 
might be adequate. Supplementing endpoints, such as blood 
pressure, with assessment of regional and global perfusion, such 
as blood lactate concentrations, skin perfusion, mental status, 
and urine output, is important. Adequate fluid resuscitation 

is a fundamental aspect of the hemodynamic management of 
patients with septic shock and should ideally be achieved before 
vasopressors and inotropes are used; however, using vasopres-
sors early as an emergency measure in patients with severe shock 
is frequently necessary, as when diastolic blood pressure is too 
low. When that occurs, great effort should be directed to wean-
ing vasopressors with continuing fluid resuscitation.

2. We recommend norepinephrine as the first-choice vaso-
pressor (grade 1B).

3. We suggest epinephrine (added to and potentially sub-
stituted for norepinephrine) when an additional agent is 
needed to maintain adequate blood pressure (grade 2B).

4. Vasopressin (up to 0.03 U/min) can be added to nor-
epinephrine with the intent of raising MAP to target or 
decreasing norepinephrine dosage (UG).

5. Low-dose vasopressin is not recommended as the single ini-
tial vasopressor for treatment of sepsis-induced hypoten-
sion, and vasopressin doses higher than 0.03–0.04 U/min 
should be reserved for salvage therapy (failure to achieve an 
adequate MAP with other vasopressor agents) (UG).

6. We suggest dopamine as an alternative vasopressor agent to 
norepinephrine only in highly selected patients (eg, patients 
with low risk of tachyarrhythmias and absolute or relative 
bradycardia) (grade 2C).

7. Phenylephrine is not recommended in the treatment of sep-
tic shock except in the following circumstances: (a) norepi-
nephrine is associated with serious arrhythmias, (b) cardiac 
output is known to be high and blood pressure persistently 
low, or (c) as salvage therapy when combined inotrope/
vasopressor drugs and low-dose vasopressin have failed to 
achieve the MAP target (grade 1C).

Rationale. The physiologic effects of vasopressor and com-
bined inotrope/vasopressors selection in septic shock are set out 
in an extensive number of literature entries (135–147). Table 7 
depicts a GRADEpro Summary of Evidence Table comparing 
dopamine and norepinephrine in the treatment of septic shock. 
Dopamine increases MAP and cardiac output, primarily due 
to an increase in stroke volume and heart rate. Norepinephrine 
increases MAP due to its vasoconstrictive effects, with little 
change in heart rate and less increase in stroke volume compared 
with dopamine. Norepinephrine is more potent than dopamine 
and may be more effective at reversing hypotension in patients 
with septic shock. Dopamine may be particularly useful in 
patients with compromised systolic function but causes more 
tachycardia and may be more arrhythmogenic than norepi-
nephrine (148). It may also influence the endocrine response via 
the hypothalamic pituitary axis and have immunosuppressive 
effects. However, information from five randomized trials (n = 
1993 patients with septic shock) comparing norepinephrine to 
dopamine does not support the routine use of dopamine in the 
management of septic shock (136, 149–152). Indeed, the rela-
tive risk of short-term mortality was 0.91 (95% CI, 0.84−1.00; 
fixed effect; I2 = 0%) in favor of norepinephrine. A recent meta-
analysis showed dopamine was associated with an increased risk 
(RR, 1.10 [1.01−1.20]; p = 0.035); in the two trials that reported 
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arrhythmias, these were more frequent with dopamine than 
with norepinephrine (RR, 2.34 [1.46−3.77]; p = 0.001) (153).

Although some human and animal studies suggest 
epinephrine has deleterious effects on splanchnic circulation 
and produces hyperlactatemia, no clinical evidence shows that 
epinephrine results in worse outcomes, and it should be the 
first alternative to norepinephrine. Indeed, information from 
4 randomized trials (n = 540) comparing norepinephrine 
to epinephrine found no evidence for differences in the risk 
of dying (RR, 0.96; CI, 0.77−1.21; fixed effect; I2 = 0%) (142, 
147, 154, 155). Epinephrine may increase aerobic lactate 
production via stimulation of skeletal muscles’ β

2
-adrenergic 

receptors and thus may prevent the use of lactate clearance to 
guide resuscitation. With its almost pure α-adrenergic effects, 
phenylephrine is the adrenergic agent least likely to produce 
tachycardia, but it may decrease stroke volume and is therefore 
not recommended for use in the treatment of septic shock except 
in circumstances where norepinephrine is: a) associated with 
serious arrhythmias, or b) cardiac output is known to be high, or 
c) as salvage therapy when other vasopressor agents have failed 
to achieve target MAP (156). Vasopressin levels in septic shock 
have been reported to be lower than anticipated for a shock state 
(157). Low doses of vasopressin may be effective in raising blood 
pressure in patients, refractory to other vasopressors and may 
have other potential physiologic benefits (158–163). Terlipressin 

has similar effects but is long acting (164). Studies show that 
vasopressin concentrations are elevated in early septic shock, but 
decrease to normal range in the majority of patients between 24 
and 48 hrs as shock continues (165). This has been called relative 
vasopressin deficiency because in the presence of hypotension, 
vasopressin would be expected to be elevated. The significance 
of this finding is unknown. The VASST trial, an RCT comparing 
norepinephrine alone to norepinephrine plus vasopressin at 
0.03 U/min, showed no difference in outcome in the intent-to-
treat population (166). An a priori defined subgroup analysis 
demonstrated that survival among patients receiving < 15 µg/
min norepinephrine at the time of randomization was better 
with the addition of vasopressin; however, the pretrial rationale 
for this stratification was based on exploring potential benefit in 
the population requiring ≥ 15 µg/min norepinephrine. Higher 
doses of vasopressin have been associated with cardiac, digital, 
and splanchnic ischemia and should be reserved for situations 
where alternative vasopressors have failed (167). Information 
from seven trials (n = 963 patients with septic shock) comparing 
norepinephrine with vasopressin (or terlipressin) does not 
support the routine use of vasopressin or its analog terlipressin 
(93, 95, 97, 99, 159, 161, 164, 166, 168–170). Indeed, the relative 
risk of dying was 1.12 (95% CI, 0.96−1.30; fixed effects; I2 = 0%). 
However, the risk of supraventricular arrhythmias was increased 
with norepinephrine (RR, 7.25; 95% CI, 2.30−22.90; fixed effect; 

TAbLE 7. Norepinephrine Compared With Dopamine in Severe Sepsis Summary of Evidence

Norepinephrine compared with dopamine in severe sepsis

Patient or population: Patients with severe sepsis 
Settings: Intensive care unit 
Intervention: Norepinephrine 
Comparison: Dopamine 
Sources: Analysis performed by Djillali Annane for Surviving Sepsis Campaign using following publications: De Backer D. N Engl J 
Med 2010; 362:779–789; Marik PE. JAMA 1994; 272:1354–1357; Mathur RDAC. Indian J Crit Care Med 2007; 11:186–191; 
Martin C. Chest 1993; 103:1826–1831; Patel GP. Shock 2010; 33:375–380; Ruokonen E. Crit Care Med 1993; 21:1296–1303

Outcomes

Illustrative Comparative Risksa 
(95% CI)

Relative  
Effect  

(95% CI)

No. of  
Participants 

(Studies)

Quality  
of the 

Evidence 
(GRADE) Comments

Assumed 
Risk

Corresponding  
Risk

Dopamine Norepinephrine

Short-term mortality Study population RR 0.91  
(0.83 to 0.99)

2043 (6 studies) ⊕⊕⊕   
moderateb,c

530 per 1000 482 per 1000 (440 to 524)

Serious adverse events 
−Supraventricular 
arrhythmias

Study population RR 0.47  
(0.38 to 0.58)

1931 (2 studies) ⊕⊕⊕   
moderateb,c

229 per 1000 82 per 1000 (34 to 195)

Serious adverse 
events −Ventricular 
arrhythmias

Study population RR 0.35  
(0.19 to 0.66)

1931 (2 studies) ⊕⊕⊕   
moderateb,c

39 per 1000 15 per 1000 (8 to 27)

aThe assumed risk is the control group risk across studies. The corresponding risk (and its 95% CI) is based on the assumed risk in the comparison group and 
the relative effect of the intervention (and its 95% CI). CI = confidence interval, RR = risk ratio.
bStrong heterogeneity in the results (I2 = 85%), however this reflects degree of effect, not direction of effect. We have decided not to lower the evidence quality.
cEffect results in part from hypovolemic and cardiogenic shock patients in De Backer, N Engl J Med 2010. We have lowered the quality of evidence one level for 
indirectness.
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I2 = 0%). Cardiac output measurement targeting maintenance 
of a normal or elevated flow is desirable when these pure 
vasopressors are instituted.

8. We recommend that low-dose dopamine not be used for 
renal protection (grade 1A).

Rationale. A large randomized trial and meta-analysis com-
paring low-dose dopamine to placebo found no difference in 
either primary outcomes (peak serum creatinine, need for renal 
replacement, urine output, time to recovery of normal renal 
function) or secondary outcomes (survival to either ICU or 
hospital discharge, ICU stay, hospital stay, arrhythmias) (171, 
172). Thus, the available data do not support administration of 
low doses of dopamine solely to maintain renal function.

9. We recommend that all patients requiring vasopressors have 
an arterial catheter placed as soon as practical if resources 
are available (UG).

Rationale. In shock states, estimation of blood pressure 
using a cuff is commonly inaccurate; use of an arterial cannula 
provides a more appropriate and reproducible measurement 
of arterial pressure. These catheters also allow continuous 
analysis so that decisions regarding therapy can be based on 
immediate and reproducible blood pressure information.

I. Inotropic Therapy

1. We recommend that a trial of dobutamine infusion up to 
20 μg/kg/min be administered or added to vasopressor (if 
in use) in the presence of: a) myocardial dysfunction, as 
suggested by elevated cardiac filling pressures and low car-
diac output, or b) ongoing signs of hypoperfusion, despite 
achieving adequate intravascular volume and adequate 
MAP (grade 1C).

2. We recommend against the use of a strategy to increase car-
diac index to predetermined supranormal levels (grade 1B).

Rationale. Dobutamine is the first choice inotrope for patients 
with measured or suspected low cardiac output in the presence of 
adequate left ventricular filling pressure (or clinical assessment of 
adequate fluid resuscitation) and adequate MAP. Septic patients 
who remain hypotensive after fluid resuscitation may have low, 
normal, or increased cardiac outputs. Therefore, treatment with 
a combined inotrope/vasopressor, such as norepinephrine or 
epinephrine, is recommended if cardiac output is not measured. 
When the capability exists for monitoring cardiac output in addi-
tion to blood pressure, a vasopressor, such as norepinephrine, may 
be used separately to target specific levels of MAP and cardiac 
output. Large prospective clinical trials, which included critically 
ill ICU patients who had severe sepsis, failed to demonstrate ben-
efit from increasing oxygen delivery to supranormal targets by use 
of dobutamine (173, 174). These studies did not specifically tar-
get patients with severe sepsis and did not target the first 6 hrs of 
resuscitation. If evidence of tissue hypoperfusion persists despite 
adequate intravascular volume and adequate MAP, a viable alter-
native (other than reversing underlying insult) is to add inotropic 
therapy.

J. Corticosteroids

1. We suggest not using intravenous hydrocortisone as a treat-
ment of adult septic shock patients if adequate fluid resus-
citation and vasopressor therapy are able to restore hemo-
dynamic stability (see goals for Initial Resuscitation). If this 
is not achievable, we suggest intravenous hydrocortisone 
alone at a dose of 200 mg per day (grade 2C).

Rationale. The response of septic shock patients to fluid 
and vasopressor therapy seems to be an important factor in 
selection of patients for optional hydrocortisone therapy. One 
French multicenter RCT of patients in vasopressor-unrespon-
sive septic shock (hypotension despite fluid resuscitation and 
vasopressors for more than 60 mins) showed significant shock 
reversal and reduction of mortality rate in patients with rela-
tive adrenal insufficiency (defined as postadrenocorticotropic 
hormone [ACTH] cortisol increase ≤ 9 µg/dL) (175). Two 
smaller RCTs also showed significant effects on shock reversal 
with steroid therapy (176, 177). In contrast, a large, European 
multicenter trial (CORTICUS) that enrolled patients without 
sustained shock and had a lower risk of death than the French 
trial failed to show a mortality benefit with steroid therapy 
(178). Unlike the French trial that only enrolled shock patients 
with blood pressure unresponsive to vasopressor therapy, the 
CORTICUS study included patients with septic shock regard-
less of how the blood pressure responded to vasopressors; the 
study baseline (placebo) 28-day mortality rate was 61% and 
31%, respectively. The use of the ACTH test (responders and 
nonresponders) did not predict the faster resolution of shock. 
In recent years, several systematic reviews have examined the 
use of low-dose hydrocortisone in septic shock with contradic-
tory results: Annane et al (179) analyzed the results of 12 stud-
ies and calculated a significant reduction in 28-day mortality 
with prolonged low-dose steroid treatment in adult septic 
shock patients (RR, 0.84; 95% CI, 0.72−0.97; p = 0.02) (180). 
In parallel, Sligl and colleagues (180) used a similar technique, 
but only identified eight studies for their meta-analysis, six 
of which had a high-level RCT design with low risk of bias 
(181). In contrast to the aforementioned review, this analysis 
revealed no statistically significant difference in mortality (RR, 
1.00; 95% CI, 0.84−1.18). Both reviews, however, confirmed 
the improved shock reversal by using low-dose hydrocortisone 
(180, 181). A recent review on the use of steroids in adult sep-
tic shock underlined the importance of selection of studies for 
systematic analysis (181) and identi fied only 6 high-level RCTs 
as adequate for systematic review (175–178, 182, 183). When 
only these six studies are analyzed, we found that in “low risk” 
patients from three studies (ie, those with a placebo mortal-
ity rate of less than 50%, which represents the majority of all 
patients), hydrocortisone failed to show any benefit on out-
come (RR, 1.06). The minority of patients from the remain-
ing three studies, who had a placebo mortality of greater than 
60%, showed a nonsignificant trend to lower mortality by using 
hydrocortisone (see Supplemental Digital Content 4, http://
links.lww.com/CCM/A615, Summary of Evidence Table).

http://links.lww.com/CCM/A615
http://links.lww.com/CCM/A615
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2. We suggest not using the ACTH stimulation test to identify 
the subset of adults with septic shock who should receive 
hydrocortisone (grade 2B).

Rationale. In one study, the observation of a potential inter-
action between steroid use and ACTH test was not statistically 
significant (175). Furthermore, no evidence of this distinc-
tion was observed between responders and nonresponders in a 
recent multicenter trial (178). Random cortisol levels may still 
be useful for absolute adrenal insufficiency; however, for septic 
shock patients who suffer from relative adrenal insufficiency (no 
adequate stress response), random cortisol levels have not been 
demonstrated to be useful. Cortisol immunoassays may over- or 
underestimate the actual cortisol level, affecting the assignment 
of patients to responders or nonresponders (184). Although the 
clinical significance is not clear, it is now recognized that etomi-
date, when used for induction for intubation, will suppress the 
hypothalamic-pituitary-adrenal axis (185, 186). Moreover, a 
subanalysis of the CORTICUS trial (178) revealed that the use 
of etomidate before application of low-dose steroids was associ-
ated with an increased 28-day mortality rate (187). An inappro-
priately low random cortisol level (< 18 μg/dL) in a patient with 
shock would be considered an indication for steroid therapy 
along traditional adrenal insufficiency guidelines.

3. We suggest that clinicians taper the treated patient from 
steroid therapy when vasopressors are no longer required 
(grade 2D).

Rationale. There has been no comparative study between a 
fixed-duration and clinically guided regimen or between taper-
ing and abrupt cessation of steroids. Three RCTs used a fixed-
duration protocol for treatment (175, 177, 178), and therapy was 
decreased after shock resolution in two RCTs (176, 182). In four 
studies, steroids were tapered over several days (176–178, 182), 
and steroids were withdrawn abruptly in two RCTs (175, 183). 
One crossover study showed hemodynamic and immunologic 
rebound effects after abrupt cessation of corticosteroids (188). 
Furthermore, a study revealed that there is no difference in out-
come of septic shock patients if low-dose hydrocortisone is used 
for 3 or 7 days; hence, no recommendation can be given with 
regard to the optimal duration of hydrocortisone therapy (189).

4. We recommend that corticosteroids not be administered for 
the treatment of sepsis in the absence of shock (grade 1D).

Rationale. Steroids may be indicated in the presence of a 
history of steroid therapy or adrenal dysfunction, but whether 
low-dose steroids have a preventive potency in reducing the 
incidence of severe sepsis and septic shock in critically ill 
patients cannot be answered. A preliminary study of stress-
dose level steroids in community-acquired pneumonia showed 
improved outcome measures in a small population (190), and 
a recent confirmatory RCT revealed reduced hospital length of 
stay without affecting mortality (191).

5. When low-dose hydrocortisone is given, we suggest using 
continuous infusion rather than repetitive bolus injec-
tions (grade 2D).

Rationale. Several randomized trials on the use of low-dose 
hydrocortisone in septic shock patients revealed a significant 
increase of hyperglycemia and hypernatremia (175) as side 
effects. A small prospective study demonstrated that repeti-
tive bolus application of hydrocortisone leads to a significant 
increase in blood glucose; this peak effect was not detectable 
during continuous infusion. Furthermore, considerable inter-
individual variability was seen in this blood glucose peak after 
the hydrocortisone bolus (192). Although an association of 
hyperglycemia and hypernatremia with patient outcome mea-
sures could not be shown, good practice includes strategies for 
avoidance and/or detection of these side effects.

SUPPORTIVE THERAPY OF SEVERE SEPSIS 
(TAbLE 8)

K. blood Product Administration

1. Once tissue hypoperfusion has resolved and in the absence 
of extenuating circumstances, such as myocardial ischemia, 
severe hypoxemia, acute hemorrhage, or ischemic coronary 
artery disease, we recommend that red blood cell transfu-
sion occur when the hemoglobin concentration decreases 
to < 7.0 g/dL to target a hemoglobin concentration of 7.0 to 
9.0 g/dL in adults (grade 1B).

Rationale. Although the optimum hemoglobin concentra-
tion for patients with severe sepsis has not been specifically 
investigated, the Transfusion Requirements in Critical Care 
trial suggested that a hemoglobin level of 7 to 9 g/dL, compared 
with 10 to 12 g/dL, was not associated with increased mortality 
in critically ill adults (193). No significant differences in 30-day 
mortality rates were observed between treatment groups in the 
subgroup of patients with severe infections and septic shock 
(22.8% and 29.7%, respectively; p = 0.36),

Although less applicable to septic patients, results of a ran-
domized trial in patients undergoing cardiac surgery with car-
diopulmonary bypass support a restrictive transfusion strategy 
using a threshold hematocrit of < 24% (hemoglobin ≈8 g/
dL) as equivalent to a transfusion threshold of hematocrit of  
< 30% (hemoglobin ≈10 g/dL) (194). Red blood cell transfu-
sion in septic patients increases oxygen delivery but does not 
usually increase oxygen consumption (195–197). The trans-
fusion threshold of 7 g/dL contrasts with early goal-directed 
resuscitation protocols that use a target hematocrit of 30% in 
patients with low ScvO

2
 during the first 6 hrs of resuscitation of 

septic shock (13).

2. We recommend not using erythropoietin as a specific treat-
ment of anemia associated with severe sepsis (grade 1B).

Rationale. No specific information regarding erythro-
poietin use in septic patients is available, but clinical trials 
of erythropoietin administration in critically ill patients 
show some decrease in red cell transfusion requirement 
with no effect on clinical outcome (198, 199). The effect 
of erythropoietin in severe sepsis and septic shock would 
not be expected to be more beneficial than in other critical 
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conditions. Patients with severe sepsis and septic shock may 
have coexisting conditions that meet indications for the use 
of erythropoietin.

3. We suggest that fresh frozen plasma not be used to correct 
laboratory clotting abnormalities in the absence of bleeding 
or planned invasive procedures (grade 2D).

Rationale. Although clinical studies have not assessed the 
impact of transfusion of fresh frozen plasma on outcomes in 
critically ill patients, professional organizations have recom-
mended it for coagulopathy when there is a documented defi-
ciency of coagulation factors (increased prothrombin time, 
international normalized ratio, or partial thromboplastin time) 
and the presence of active bleeding or before surgical or invasive 
procedures (200–203). In addition, transfusion of fresh frozen 
plasma usually fails to correct the prothrombin time in non-
bleeding patients with mild abnormalities (204, 205). No studies 
suggest that correction of more severe coagulation abnormali-
ties benefits patients who are not bleeding.

4. We recommend against antithrombin administration for 
the treatment of severe sepsis and septic shock (grade 1B).

Rationale. A phase III clinical trial of high-dose antithrom-
bin did not demonstrate any beneficial effect on 28-day all-
cause mortality in adults with severe sepsis and septic shock. 
High-dose antithrombin was associated with an increased risk 
of bleeding when administered with heparin (206). Although 
a post hoc subgroup analysis of patients with severe sepsis and 
high risk of death showed better survival in patients receiving 
antithrombin, this agent cannot be recommended until further 
clinical trials are performed (207).

5. In patients with severe sepsis, we suggest that platelets be 
administered prophylactically when counts are ≤ 10,000/
mm3 (10 × 109/L) in the absence of apparent bleeding, 
as well when counts are ≤ 20,000/mm3 (20 × 109/L) if the 
patient has a significant risk of bleeding. Higher platelet 
counts (≥ 50,000/mm3 [50 × 109/L]) are advised for active 
bleeding, surgery, or invasive procedures (grade 2D).

Rationale. Guidelines for transfusion of platelets are derived 
from consensus opinion and experience in patients with 
chemotherapy-induced thrombocytopenia. Patients with severe 
sepsis are likely to have some limitation of platelet production similar 
to that in chemotherapy-treated patients, but they also are likely to 
have increased platelet consumption. Recommendations take into 
account the etiology of thrombocytopenia, platelet dysfunction, 
risk of bleeding, and presence of concomitant disorders (200, 202, 
203, 208, 209). Factors that may increase the bleeding risk and 
indicate the need for a higher platelet count are frequently present 
in patients with severe sepsis. Sepsis itself is considered to be a 
risk factor for bleeding in patients with chemotherapy-induced 
thrombocytopenia. Other factors considered to increase the risk of 
bleeding in patients with severe sepsis include temperature higher 
than 38°C, recent minor hemorrhage, rapid decrease in platelet 
count, and other coagulation abnormalities (203, 208, 209).

L. Immunoglobulins

1. We suggest not using intravenous immunoglobulins in 
adult patients with severe sepsis or septic shock (grade 2B).

Rationale. One larger multicenter RCT (n = 624) (210) in 
adult patients and one large multinational RCT in infants with 
neonatal sepsis (n = 3493) (211) found no benefit for intravenous 
immunoglobulin (IVIG). (For more on this trial, see the section, 
Pediatric Considerations.). A meta-analysis by the Cochrane col-
laboration, which did not include this most recent RCT, iden-
tified 10 polyclonal IVIG trials (n = 1430) and seven trials on 
immunoglobulin (Ig) M-enriched polyclonal IVIG (n = 528) 
(212). Compared with placebo, IVIG resulted in a significant 
reduction in mortality (RR, 0.81 and 95% CI, 0.70−0.93; and RR, 
0.66 and 95% CI, 0.51−0.85, respectively). Also the subgroup of 
IgM-enriched IVIGs (n = 7 trials) showed a significant reduc-
tion in mortality rates compared with placebo (RR, 0.66; 95% 
CI, 0.51−0.85). Trials with low risk of bias showed no reduction 
in mortality with polyclonal IVIG (RR, 0.97; 95% CI, 0.81−1.15; 
five trials, n = 945). Three of these trials (210, 213, 214) used stan-
dard polyclonal IVIG and two IgM-enriched IVIG (215, 216).

These findings are in accordance with those of two older 
meta-analyses (217, 218) from other Cochrane authors. One 
systematic review (217) included a total of 21 trials and showed 
a relative risk of death of 0.77 with immunoglobulin treatment 
(95% CI, 0.68−0.88); however, the results of only high-quality 
trials (total of 763 patients) showed a relative risk of 1.02 (95% 
CI, 0.84−1.24). Similarly, Laupland et al (218) found a significant 
reduction in mortality with the use of IVIG treatment (OR, 0.66; 
95% CI, 0.53−0.83; p < 0.005). When only high-quality studies 
were pooled, the OR for mortality was 0.96 (95% CI, 0.71−1.3;  
p = 0.78). Two meta-analyses, which used less strict criteria to 
identify sources of bias or did not state their criteria for the 
assessment of study quality, found significant improvement in 
patient mortality with IVIG treatment (219, 220). In contrast 
to the most recent Cochrane review, Kreymann et al (219) clas-
sified five studies that investigated IgM-enriched preparation as 
high-quality studies, combining studies in adults and neonates, 
and found an OR for mortality of 0.5 (95% CI, 0.34−0.73).

Most IVIG studies are small, some have methodological 
flaws; the only large study (n = 624) showed no effect (210). 
Subgroup effects between IgM-enriched and nonenriched for-
mulations reveal substantial heterogeneity. In addition, indi-
rectness and publication bias were considered in grading this 
recommendation. The low-quality evidence led to the grading 
as a weak recommendation. The statistical information that 
comes from the high-quality trials does not support a benefi-
cial effect of polyclonal IVIG. We encourage conducting large 
multicenter studies to further evaluate the effectiveness of 
other polyclonal immunoglobulin preparations given intrave-
nously in patients with severe sepsis.

M. Selenium

1. We suggest not using intravenous selenium to treat severe 
sepsis (grade 2C).
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TAbLE 8. Recommendations: Other Supportive Therapy of Severe Sepsis

K. blood Product Administration

 1. Once tissue hypoperfusion has resolved and in the absence of extenuating circumstances, such as myocardial ischemia, severe 
hypoxemia, acute hemorrhage, or ischemic heart disease, we recommend that red blood cell transfusion occur only when 
hemoglobin concentration decreases to <7.0 g/dL to target a hemoglobin concentration of 7.0 –9.0 g/dL in adults (grade 1B).

 2. Not using erythropoietin as a specific treatment of anemia associated with severe sepsis (grade 1B).

 3. Fresh frozen plasma not be used to correct laboratory clotting abnormalities in the absence of bleeding or planned invasive 
procedures (grade 2D).

 4. Not using antithrombin for the treatment of severe sepsis and septic shock (grade 1B).

 5. In patients with severe sepsis, administer platelets prophylactically when counts are <10,000/mm3 (10 x 109/L) in the absence 
of apparent bleeding. We suggest prophylactic platelet transfusion when counts are < 20,000/mm3 (20 x 109/L) if the patient 
has a significant risk of bleeding. Higher platelet counts (≥50,000/mm3 [50 x 109/L]) are advised for active bleeding, surgery, 
or invasive procedures (grade 2D).

L. Immunoglobulins

 1. Not using intravenous immunoglobulins in adult patients with severe sepsis or septic shock (grade 2B).

M. Selenium

 1. Not using intravenous selenium for the treatment of severe sepsis (grade 2C).

N. History of Recommendations Regarding Use of Recombinant Activated Protein C (rhAPC)

  A history of the evolution of SSC recommendations as to rhAPC (no longer available) is provided.

O. Mechanical Ventilation of Sepsis-Induced Acute Respiratory Distress Syndrome (ARDS)

 1. Target a tidal volume of 6 mL/kg predicted body weight in patients with sepsis-induced ARDS (grade 1A vs. 12 mL/kg).

 2. Plateau pressures be measured in patients with ARDS and initial upper limit goal for plateau pressures in a passively inflated 
lung be ≤30 cm H2O (grade 1B).

 3. Positive end-expiratory pressure (PEEP) be applied to avoid alveolar collapse at end expiration (atelectotrauma) (grade 1B).

 4. Strategies based on higher rather than lower levels of PEEP be used for patients with sepsis- induced moderate or severe 
ARDS (grade 2C).

 5. Recruitment maneuvers be used in sepsis patients with severe refractory hypoxemia (grade 2C).

 6. Prone positioning be used in sepsis-induced ARDS patients with a Pao2/Fio2 ratio ≤ 100 mm Hg in facilities that have 
experience with such practices (grade 2B).

 7. That mechanically ventilated sepsis patients be maintained with the head of the bed elevated to 30-45 degrees to limit 
aspiration risk and to prevent the development of ventilator-associated pneumonia (grade 1B).

 8. That noninvasive mask ventilation (NIV) be used in that minority of sepsis-induced ARDS patients in whom the benefits of NIV 
have been carefully considered and are thought to outweigh the risks (grade 2B).

 9. That a weaning protocol be in place and that mechanically ventilated patients with severe sepsis undergo spontaneous 
breathing trials regularly to evaluate the ability to discontinue mechanical ventilation when they satisfy the following criteria: a) 
arousable; b) hemodynamically stable (without vasopressor agents); c) no new potentially serious conditions; d) low ventilatory 
and end-expiratory pressure requirements; and e) low Fio2 requirements which can be met safely delivered with a face mask or 
nasal cannula. If the spontaneous breathing trial is successful, consideration should be given for extubation (grade 1A).

 10. Against the routine use of the pulmonary artery catheter for patients with sepsis-induced ARDS (grade 1A).

 11. A conservative rather than liberal fluid strategy for patients with established sepsis-induced ARDS who do not have evidence of 
tissue hypoperfusion (grade 1C).

 12. In the absence of specific indications such as bronchospasm, not using beta 2-agonists for treatment of sepsis-induced ARDS (grade 1B).

P. Sedation, Analgesia, and Neuromuscular blockade in Sepsis

 1. Continuous or intermittent sedation be minimized in mechanically ventilated sepsis patients, targeting specific titration endpoints (grade 1B).

 2. Neuromuscular blocking agents (NMBAs) be avoided if possible in the septic patient without ARDS due to the risk of 
prolonged neuromuscular blockade following discontinuation. If NMBAs must be maintained, either intermittent bolus as 
required or continuous infusion with train-of-four monitoring of the depth of blockade should be used (grade 1C).

(Continued)
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TAbLE 8. (Continued) Recommendations: Other Supportive Therapy of Severe Sepsis

 3. A short course of NMBA of not greater than 48 hours for patients with early sepsis-induced ARDS and a Pao2/Fio2  
< 150 mm Hg (grade 2C).

Q. Glucose Control

 1. A protocolized approach to blood glucose management in ICU patients with severe sepsis commencing insulin dosing when  
2 consecutive blood glucose levels are >180 mg/dL. This protocolized approach should target an upper blood glucose  
≤180 mg/dL rather than an upper target blood glucose ≤ 110 mg/dL (grade 1A).

 2. Blood glucose values be monitored every 1–2 hrs until glucose values and insulin infusion rates are stable and then every 4 hrs 
thereafter (grade 1C).

 3. Glucose levels obtained with point-of-care testing of capillary blood be interpreted with caution, as such measurements may not 
accurately estimate arterial blood or plasma glucose values (UG).

R. Renal Replacement Therapy

 1. Continuous renal replacement therapies and intermittent hemodialysis are equivalent in patients with severe sepsis and acute 
renal failure (grade 2B).

 2. Use continuous therapies to facilitate management of fluid balance in hemodynamically unstable septic patients (grade 2D).

S. bicarbonate Therapy

 1. Not using sodium bicarbonate therapy for the purpose of improving hemodynamics or reducing vasopressor requirements in 
patients with hypoperfusion-induced lactic acidemia with pH ≥7.15 (grade 2B).

T. Deep Vein Thrombosis Prophylaxis

 1. Patients with severe sepsis receive daily pharmacoprophylaxis against venous thromboembolism (VTE) (grade 1B). This should 
be accomplished with daily subcutaneous low-molecular weight heparin (LMWH) (grade 1B versus twice daily UFH, grade 2C 
versus three times daily UFH). If creatinine clearance is <30 mL/min, use dalteparin (grade 1A) or another form of LMWH that 
has a low degree of renal metabolism (grade 2C) or UFH (grade 1A).

 2. Patients with severe sepsis be treated with a combination of pharmacologic therapy and intermittent pneumatic compression 
devices whenever possible (grade 2C).

 3. Septic patients who have a contraindication for heparin use (eg, thrombocytopenia, severe coagulopathy, active bleeding, recent 
intracerebral hemorrhage) not receive pharmacoprophylaxis (grade 1B), but receive mechanical prophylactic treatment, such 
as graduated compression stockings or intermittent compression devices (grade 2C), unless contraindicated. When the risk 
decreases start pharmacoprophylaxis (grade 2C).

U. Stress Ulcer Prophylaxis

 1. Stress ulcer prophylaxis using H2 blocker or proton pump inhibitor be given to patients with severe sepsis/septic shock who 
have bleeding risk factors (grade 1B).

 2. When stress ulcer prophylaxis is used, proton pump inhibitors rather than H2RA (grade 2D)

 3. Patients without risk factors do not receive prophylaxis (grade 2B).

V. Nutrition

 1. Administer oral or enteral (if necessary) feedings, as tolerated, rather than either complete fasting or provision of only 
intravenous glucose within the first 48 hours after a diagnosis of severe sepsis/septic shock (grade 2C).

 2. Avoid mandatory full caloric feeding in the first week but rather suggest low dose feeding (eg, up to 500 calories per day), 
advancing only as tolerated (grade 2B).

 3. Use intravenous glucose and enteral nutrition rather than total parenteral nutrition (TPN) alone or parenteral nutrition in 
conjunction with enteral feeding in the first 7 days after a diagnosis of severe sepsis/septic shock (grade 2B).

 4. Use nutrition with no specific immunomodulating supplementation rather than nutrition providing specific immunomodulating 
supplementation in patients with severe sepsis (grade 2C).

W. Setting Goals of Care

 1. Discuss goals of care and prognosis with patients and families (grade 1B).

 2. Incorporate goals of care into treatment and end-of-life care planning, utilizing palliative care principles where appropriate (grade 1B).

 3. Address goals of care as early as feasible, but no later than within 72 hours of ICU admission (grade 2C).
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Rationale. Selenium was administered in the hope that it 
could correct the known reduction of selenium concentration 
in sepsis patients and provide a pharmacologic effect through 
an antioxidant defense. Although some RCTs are available, 
the evidence on the use of intravenous selenium is still very 
weak. Only one large clinical trial has examined the effect on 
mortality rates, and no significant impact was reported on the 
intent-to-treat population with severe systemic inflammatory 
response syndrome, sepsis, or septic shock (OR, 0.66; 95% CI, 
0.39−1.10; p = 0.109) (221). Overall, there was a trend toward 
a concentration-dependent reduction in mortality; no differ-
ences in secondary outcomes or adverse events were detected. 
Finally, no comment on standardization of sepsis management 
was included in this study, which recruited 249 patients over a 
period of 6 years (1999–2004) (221).

A French RCT in a small population revealed no effect on 
primary (shock reversal) or secondary (days on mechanical ven-
tilation, ICU mortality) endpoints (222). Another small RCT 
revealed less early VAP in the selenium group (p = 0.04), but no 
difference in late VAP or secondary outcomes such as ICU or 
hospital mortality (223). This is in accordance with two RCTs 
that resulted in reduced number of infectious episodes (224) or 
increase in glutathione peroxidase concentrations (225); neither 
study, however, showed a beneficial effect on secondary out-
come measures (renal replacement, ICU mortality) (224, 225).

A more recent large RCT tried to determine if the addition of 
relatively low doses of supplemental selenium (glutamine was 
also tested in a two-factorial design) to parenteral nutrition in 
critically ill patients reduces infections and improves outcome 
(226). Selenium supplementation did not significantly affect the 
development of a new infection (OR, 0.81; 95% CI, 0.57−1.15), 
and the 6-month mortality rate was not unaffected (OR, 0.89; 
95% CI, 0.62−1.29). In addition, length of stay, days of anti-
biotic use, and modified Sequential Organ Failure Assessment 
score were not significantly affected by selenium (227).

In addition to the lack of evidence, the questions of optimal 
dosing and application mode remain unanswered. Reported 
high-dose regimens have involved a loading dose followed by 
an infusion, while animal trials suggest that bolus dosing could 
be more effective (227); this, however, has not been tested in 
humans. These unsolved problems require additional trials, and 
we encourage conducting large multicenter studies to further 
evaluate the effectiveness of intravenous selenium in patients 
with severe sepsis. This recommendation does not exclude the 
use of low-dose selenium as part of the standard minerals and 
oligo-elements used during total parenteral nutrition.

N. History of Recommendations Regarding Use of 
Recombinant Activated Protein C
Recombinant human activated protein C (rhAPC) was 
approved for use in adult patients in a number of countries 
in 2001 following the PROWESS (Recombinant Human Acti-
vated Protein C Worldwide Evaluation in Severe Sepsis) trial, 
which enrolled 1,690 severe sepsis patients and showed a sig-
nificant reduction in mortality (24.7%) with rhAPC com-
pared with placebo (30.8%, p = 0.005) (228). The 2004 SSC 

guidelines recommended use of rhAPC in line with the prod-
uct labeling instructions required by the U.S. and European 
regulatory authorities with a grade B quality of evidence (7, 8).

By the time of publication of the 2008 SSC guidelines, addi-
tional studies of rhAPC in severe sepsis (as required by regula-
tory agencies) had shown it ineffective in less severely ill patients 
with severe sepsis as well as in children (229, 230). The 2008 SSC 
recommendations reflected these findings, and the strength of 
the rhAPC recommendation was downgraded to a suggestion 
for use in adult patients with a clinical assessment of high risk of 
death, most of whom will have Acute Physiology and Chronic 
Health Evaluation (APACHE) II scores ≥ 25 or multiple organ 
failure (grade 2C; quality of evidence was also downgraded from 
2004, from B to C) (7). The 2008 guidelines also recommended 
against use of rhAPC in low-risk adult patients, most of whom 
will have APACHE II scores ≤ 20 or single organ failures (grade 
1A), and against use in all pediatric patients (grade 1B).

The results of the PROWESS SHOCK trial (1,696 patients) 
were released in late 2011, showing no benefit of rhAPC in patients 
with septic shock (mortality 26.4% for rhAPC, 24.2% placebo) 
with a relative risk of 1.09 and a p value of 0.31 (231). The drug 
was withdrawn from the market and is no longer available, negat-
ing any need for an SSC recommendation regarding its use.

O. Mechanical Ventilation of Sepsis-Induced Acute 
Respiratory Distress Syndrome 

1. We recommend that clinicians target a tidal volume of 
6 mL/kg predicted body weight in patients with sepsis-
induced acute respiratory distress syndrome (ARDS) (grade 
1A vs. 12 mL/kg). 

2. We recommend that plateau pressures be measured in 
patients with ARDS and that the initial upper limit goal for 
plateau pressures in a passively inflated lung be ≤ 30 cm H

2
O 

(grade 1B).

Rationale. Of note, studies used to determine recommen-
dations in this section enrolled patients using criteria from the 
American-European Consensus Criteria Definition for Acute 
Lung Injury (ALI) and ARDS (232). For this document, we 
have used the updated Berlin definition and used the terms 
mild, moderate, and severe ARDS (Pao

2
/Fio

2
 ≤300, ≤200, and 

≤100 mm Hg, respectively) for the syndromes previously 
known as ALI and ARDS (233). Several multicenter random-
ized trials have been performed in patients with established 
ARDS to evaluate the effects of limiting inspiratory pressure 
through moderation of tidal volume (234–238). These studies 
showed differing results that may have been caused by differ-
ences in airway pressures in the treatment and control groups 
(233, 234, 239). Several meta-analyses suggest decreased mor-
tality in patients with a pressure- and volume-limited strategy 
for established ARDS (240, 241).

The largest trial of a volume- and pressure-limited strategy 
showed an absolute 9% decrease in all-cause mortality in patients 
with ARDS ventilated with tidal volumes of 6 mL/kg compared 
with 12 mL/kg of predicted body weight (PBW), and aiming for 
a plateau pressure ≤ 30 cm H

2
O (233). The use of lung-protective 
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strategies for patients with ARDS is supported by clinical trials 
and has been widely accepted, but the precise choice of tidal vol-
ume for an individual patient with ARDS may require adjust-
ment for such factors as the plateau pressure achieved, the level 
of positive end-expiratory pressure chosen, the compliance of the 
thoracoabdominal compartment, and the vigor of the patient’s 
breathing effort. Patients with profound metabolic acidosis, high 
obligate minute ventilations, or short stature may require addi-
tional manipulation of tidal volumes. Some clinicians believe 
it may be safe to ventilate with tidal volumes > 6 mL/kg PBW 
as long as the plateau pressure can be maintained ≤ 30 cm H

2
O 

(242, 243). The validity of this ceiling value will depend on the 
patient’s effort, as those who are actively breathing generate 
higher transalveolar pressures for a given plateau pressure than 
patients who are passively inflated. Conversely, patients with very 
stiff chest walls may require plateau pressures > 30 cm H

2
O to 

meet vital clinical objectives. A retrospective study suggested that 
tidal volumes should be lowered even with plateau pressures ≤ 
30 cm H

2
O (244) as lower plateau pressures were associated with 

decreased in-hospital mortality (245).
High tidal volumes that are coupled with high plateau pres-

sures should be avoided in ARDS. Clinicians should use as a 
starting point the objective of reducing tidal volume over 1 to 
2 hrs from its initial value toward the goal of a “low” tidal vol-
ume (≈6 mL/kg PBW) achieved in conjunction with an end-
inspiratory plateau pressure ≤ 30 cm H

2
O. If the plateau pressure 

remains > 30 cm H
2
O after reduction of tidal volume to 6 mL/kg 

PBW, tidal volume may be reduced further to as low as 4 mL/kg 
PBW per protocol. (Appendix C provides ARDSNet ventilator 
management and formulas to calculate PBW.) Using volume- 
and pressure-limited ventilation may lead to hypercapnia with 
maximum tolerated set respiratory rates. In such cases, hyper-
capnia that is otherwise not contraindicated (eg, high intracra-
nial pressure) and appears to be tolerated should be allowed. 
Sodium bicarbonate or tromethamine (THAM) infusion may be 
considered in selected patients to facilitate use of limited ventila-
tor conditions that result in permissive hypercapnia (246, 247).

A number of observational trials in mechanically venti-
lated patients have demonstrated a decreased risk of devel-
oping ARDS when smaller trial volumes are used (248–251). 
Accordingly, high tidal volumes and plateau pressures should 
be avoided in mechanically ventilated patients at risk for devel-
oping ARDS, including those with sepsis.

No single mode of ventilation (pressure control, volume 
control) has consistently been shown to be advantageous when 
compared with any other that respects the same principles of 
lung protection.

3. We recommend that positive end-expiratory pressure 
(PEEP) be applied to avoid alveolar collapse at end expira-
tion (atelectotrauma) (grade 1B).

4. We suggest strategies based on higher rather than lower lev-
els of PEEP for patients with sepsis-induced moderate to 
severe ARDS (grade 2C).

Rationale. Raising PEEP in ARDS keeps lung units open to 
participate in gas exchange. This will increase PaO

2
 when PEEP 

is applied through either an endotracheal tube or a face mask 
(252–254). In animal experiments, avoidance of end-expira-
tory alveolar collapse helps minimize ventilator-induced lung 
injury when relatively high plateau pressures are in use. Three 
large multicenter trials using higher vs. lower levels of PEEP in 
conjunction with low tidal volumes did not uncover benefit or 
harm (255–257). A meta-analysis using individual patient data 
showed no benefit in all patients with ARDS; however, patients 
with moderate or severe ARDS (Pao

2
/Fio

2
 ratio ≤ 200 mm Hg) 

had decreased mortality with the use of higher PEEP, whereas 
those with mild ARDS did not (258). Two options are recom-
mended for PEEP titration. One option is to titrate PEEP (and 
tidal volume) according to bedside measurements of thoraco-
pulmonary compliance with the objective of obtaining the best 
compliance, reflecting a favorable balance of lung recruitment 
and overdistension (259). The second option is to titrate PEEP 
based on severity of oxygenation deficit and guided by the FIO

2
 

required to maintain adequate oxygenation (234, 255, 256). A 
PEEP > 5 cm H

2
O is usually required to avoid lung collapse (260). 

The ARDSNet standard PEEP strategy is shown in Appendix C. 
The higher PEEP strategy recommended for ARDS is shown in 
Appendix D and comes from the ALVEOLI trial (257).

5. We suggest recruitment maneuvers in sepsis patients with 
severe refractory hypoxemia due to ARDS (grade 2C).

6. We suggest prone positioning in sepsis-induced ARDS 
patients with a PaO

2
/FIO

2
 ratio ≤ 100 mm Hg in facilities that 

have experience with such practices (grade 2B).

Rationale. Many strategies exist for treating refractory 
hypoxemia in patients with severe ARDS (261). Temporarily 
raising transpulmonary pressure may facilitate opening atel-
ectatic alveoli to permit gas exchange (260), but could also 
overdistend aerated lung units leading to ventilator-induced 
lung injury and temporary hypotension. The application of 
transient sustained use of continuous positive airway pressure 
appears to improve oxygenation in patients initially, but these 
effects can be transient (262). Although selected patients with 
severe hypoxemia may benefit from recruitment maneuvers in 
conjunction with higher levels of PEEP, little evidence supports 
the routine use in all ARDS patients (262). Blood pressure and 
oxygenation should be monitored and recruitment maneuvers 
discontinued if deterioration in these variables is observed.

Several small studies and one large study in patients with 
hypoxemic respiratory failure or ARDS have shown that most 
patients respond to the prone position with improved oxygen-
ation (263–266). None of the individual trials of prone posi-
tioning in patients with ARDS or hypoxemic respiratory failure 
demonstrated a mortality benefit (267–270). One meta-analy-
sis suggested potential benefits for prone positioning in patients 
with profound hypoxemia and PaO

2
/FIO

2
 ratio ≤ 100 mm Hg, but 

not in those with less severe hypoxemia (270). Prone position-
ing may be associated with potentially life-threatening com-
plications, including accidental dislodging of the endotracheal 
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and chest tubes; these complications occur more frequently in 
patients in the prone compared with supine position (270).

Other methods to treat refractory hypoxemia, including 
high-frequency oscillatory ventilation, airway pressure release 
ventilation, and extracorporeal membrane oxygenation (271), 
may be considered as rescue therapies in centers with expertise 
and experience with their use (261, 271–274). Inhaled nitric 
oxide does not improve mortality rates in patients with ARDS 
and should not be routinely used (275).

7. We recommend that mechanically ventilated sepsis patients 
be maintained with the head of the bed elevated between 
30 and 45 degrees to limit aspiration risk and to prevent the 
development of VAP (grade 1B).

Rationale. The semi-recumbent position has been demon-
strated to decrease the incidence of VAP (276). Enteral feeding 
increased the risk of developing VAP; 50% of the patients who 
were fed enterally in the supine position developed VAP com-
pared with 9% of those fed in the semi-recumbent position 
(276). However, the bed position was monitored only once a 
day, and patients who did not achieve the desired bed eleva-
tion were not included in the analysis (276). One study did not 
show a difference in incidence of VAP between patients main-
tained in supine and semi-recumbent positions (277); patients 
assigned to the semi-recumbent group did not consistently 
achieve the desired head of the bed elevation, and the head of 
bed elevation in the supine group approached that of the semi-
recumbent group by day 7 (277). When necessary, patients 
may be laid flat for procedures, hemodynamic measurements, 
and during episodes of hypotension. Patients should not be fed 
enterally while supine.

8. We suggest that noninvasive mask ventilation (NIV) be 
used in that minority of sepsis-induced ARDS patients in 
whom the benefits of NIV have been carefully considered 
and are thought to outweigh the risks (grade 2B).

Rationale. Obviating the need for airway intubation con-
fers multiple advantages: better communication, lower inci-
dence of infection, and reduced requirements for sedation. 
Two RCTs in patients with acute respiratory failure demon-
strated improved outcome with the use of NIV when it can be 
used successfully (278, 279). Unfortunately, only a small per-
centage of sepsis patients with life-threatening hypoxemia can 
be managed in this way (280, 281).

NIV should be considered in patients with sepsis-induced 
ARDS if they are responsive to relatively low levels of pressure 
support and PEEP with stable hemodynamics, can be made 
comfortable, and are easily arousable; if they are able to protect 
the airway and spontaneously clear the airway of secretions; 
and if they are anticipated to recover rapidly from the precipi-
tating insult (280, 281). A low threshold for airway intubation 
should be maintained.

9. We recommend that a weaning protocol be in place and that 
mechanically ventilated patients with severe sepsis undergo 
spontaneous breathing trials regularly to evaluate the ability 
to discontinue mechanical ventilation when they satisfy the 

following criteria: a) arousable; b) hemodynamically stable 
(without vasopressor agents); c) no new potentially serious 
conditions; d) low ventilatory and end-expiratory pressure 
requirements; and e) low FIO

2
 requirements which can be 

safely delivered with a face mask or nasal cannula. If the 
spontaneous breathing trial is successful, extubation should 
be considered (grade 1A).

Rationale. Spontaneous breathing trial options include a 
low level of pressure support, continuous positive airway pres-
sure (≈5 cm H

2
O), or a use of a T-piece. Studies demonstrated 

that daily spontaneous breathing trials in appropriately selected 
patients reduce the duration of mechanical ventilation (282, 
283). These breathing trials should be conducted in conjunction 
with a spontaneous awakening trial (284). Successful comple-
tion of spontaneous breathing trials leads to a high likelihood of 
successful early discontinuation of mechanical ventilation.

10. We recommend against the routine use of the pulmonary 
artery catheter for patients with sepsis-induced ARDS 
(grade 1A).

Rationale. Although insertion of a pulmonary artery (PA) 
catheter may provide useful information on a patient’s volume 
status and cardiac function, these benefits may be confounded 
by differences in the interpretation of results (285–287), lack 
of correlation of PA occlusion pressures with clinical response 
(288), and an absence of a proven strategy to use catheter 
results to improve patient outcomes (173). Two multicenter 
randomized trials, one in patients with shock or ARDS (289) 
and the other in those with only ARDS (290), failed to show 
benefit with the routine use of PA catheters in ARDS. In addi-
tion, other studies in different types of critically ill patients 
have failed to show definitive benefit with routine use of the 
PA catheter (291–293). Well-selected patients remain appropri-
ate candidates for PA catheter insertion only when the answers 
to important management decisions depend on information 
solely obtainable from direct measurements made within the 
PA (292, 294).

11. We recommend a conservative fluid strategy for patients 
with established sepsis-induced ARDS who do not have 
evidence of tissue hypoperfusion (grade 1C).

Rationale. Mechanisms for the development of pulmo-
nary edema in patients with ARDS include increased capillary 
permeability, increased hydrostatic pressure, and decreased 
oncotic pressure (295). Small prospective studies in patients 
with critical illness and ARDS have suggested that low weight 
gain is associated with improved oxygenation (296) and fewer 
days of mechanical ventilation (297, 298). A fluid-conservative 
strategy to minimize fluid infusion and weight gain in patients 
with ARDS, based on either a central venous catheter (CVP < 
4 mm Hg) or a PA catheter (pulmonary artery wedge pressure 
< 8 mm Hg), along with clinical variables to guide treatment, 
led to fewer days of mechanical ventilation and reduced length 
of ICU stay without altering the incidence of renal failure or 
mortality rates (299). This strategy was only used in patients 
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with established ARDS, some of whom had shock present dur-
ing the ICU stay, and active attempts to reduce fluid volume 
were conducted only outside periods of shock.

12. In the absence of specific indications such as bronchospasm, 
we recommend against the use of β

2
-agonists for treatment 

of patients with sepsis-induced ARDS (grade 1B).

Rationale. Patients with sepsis-induced ARDS often develop 
increased vascular permeability. Preclinical and early clinical data 
suggest that β-adrenergic agonists may speed resorption of alveo-
lar edema (300). Two randomized clinical trials studied the effect 
of β-agonists in patients with ARDS (301, 302). In one, a com-
parison of aerosolized albuterol and placebo in 282 patients with 
ARDS, the trial was stopped for futility (301). Patients receiv-
ing albuterol had higher heart rates on day 2, and a trend was 
detected toward decreased ventilator-free days (days alive and off 
the ventilator). The rates of death before discharge were 23.0% in 
the albuterol group vs. 17.7% in placebo-treated patients. More 
than half of the patients enrolled in this trial had pulmonary or 
nonpulmonary sepsis as the cause of the ARDS (301).

The use of intravenous salbutamol was tested in the 
BALTI-2 trial (302). Three hundred twenty-six patients with 
ARDS, 251 of whom had pulmonary or nonpulmonary sepsis 
as cause, were randomized to intravenous salbutatmol, 15 μg/
kg of ideal body weight, or placebo for up to 7 days. Patients 
treated with salbutamol had increased 28-day mortality rates 
(34% vs. 23%; RR, 1.4; 95% CI, 1.03−2.08) leading to early ter-
mination of the trial (302).

Beta-2 agonists may have specific indications, such as treat-
ment of bronchospasm and hyperkalemia. In the absence of 
these conditions, we recommend against the routine use of 
β-agonists, either in intravenous or aerosolized form, for the 
treat ment of patients with sepsis-induced ARDS.

P. Sedation, Analgesia, and Neuromuscular blockade 
in Sepsis 

1. We recommend that either continuous or intermittent 
sedation be minimized in mechanically ventilated sepsis 
patients, targeting specific titration endpoints (grade 1B).

Rationale. A growing body of evidence indicates that limiting 
the use of sedation in critically ill ventilated patients can 
reduce the duration of mechanical ventilation and ICU and 
hospital lengths of stay (303–305). While studies limiting 
sedation have been performed in a wide range of critically ill 
patients, there is little reason to assume that septic patients 
will not derive benefit from this approach (305). The use of 
protocols for sedation is one method to limit sedation use, and 
a randomized, controlled clinical trial found that protocolized 
sedation compared with usual care reduced duration of 
mechanical ventilation, lengths of stay, and tracheostomy 
rates (305). Avoidance of sedation is another strategy. A 
recent observational study of 250 critically ill patients suggests 
that deep sedation is common in mechanically ventilated 
patients (306). A randomized, controlled clinical trial found 
that patients treated with intravenous morphine boluses 

preferentially had significantly more days without ventilation, 
shorter stay in ICU and hospital, than patients who received 
sedation (propofol and midazolam) in addition to morphine 
(307). However, agitated delirium was more frequently detected 
in the intervention group. Although not specifically studied 
in patients with sepsis, the administration of intermittent 
sedation, daily sedative interruption, and systematic titration 
to a predefined endpoint have been demonstrated to decrease 
the duration of mechanical ventilation (284, 305, 308, 309). 
Patients receiving neuromuscular blocking agents (NMBAs) 
must be individually assessed regarding discontinuation of 
sedative drugs because the neuromuscular blockade must first 
be reversed. The use of intermittent vs. continuous methods 
for the delivery of sedation in critically ill patients has been 
examined in an observational study of mechanically ventilated 
patients that showed that patients receiving continuous 
sedation had significantly longer durations of mechanical 
ventilation and ICU and hospital lengths of stay (310).

Clinical trials have evaluated daily interruption of continu-
ous sedative infusions. A prospective, randomized controlled 
trial in 128 mechanically ventilated adults receiving continu-
ous intravenous sedation demonstrated that a daily interrup-
tion in the continuous sedative infusion until the patient was 
awake decreased the duration of mechanical ventilation and 
ICU length of stay (283). Although the patients did receive 
continuous sedative infusions in this study, the daily inter-
ruption and awakening allowed for titration of sedation, in 
effect making the dosing intermittent. In addition, a paired 
spontaneous awakening trial combined with a spontaneous 
breathing trial decreased the duration of mechanical venti-
lation, length of ICU and hospital stay, and 1-year mortality 
(284). More recently, a multicenter randomized trial compared 
protocolized sedation with protocolized sedation plus daily 
sedation interruption in 423 critically ill mechanically venti-
lated medical and surgical patients (311). There were no dif-
ferences in duration of mechanical ventilation or lengths of 
stay between the groups; and daily interruption was associated 
with higher daily opioid and benzodiazepines doses, as well as 
higher nurse workload. Additionally, a randomized prospec-
tive blinded observational study demonstrated that although 
myocardial ischemia is common in critically ill ventilated 
patients, daily sedative interruption is not associated with an 
increased occurrence of myocardial ischemia (312). Regardless 
of sedation approach, early physical rehabilitation should be a 
goal (313).

2. We recommend that NMBAs be avoided if possible in the 
septic patient without ARDS due to the risk of prolonged 
neuromuscular blockade following discontinuation. If 
NMBAs must be maintained, either intermittent bolus as 
required or continuous infusion with train-of-four moni-
toring of the depth of blockade should be used (grade 1C).

3. We suggest a short course of an NMBA (≤ 48 hours) for 
patients with early, sepsis-induced ARDS and Pao

2
/Fio

2
  

< 150 mm Hg (grace 2C).
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Rationale. Although NMBAs are often administered to 
critically ill patients, their role in the ICU is not well defined. 
No evidence exists that neuromuscular blockade in this patient 
population reduces mortality or major morbidity. In addition, 
no studies have been published that specifically address the use 
of NMBAs in septic patients.

The most common indication for NMBA use in the ICU is 
to facilitate mechanical ventilation (314). When appropriately 
used, these agents may improve chest wall compliance, prevent 
respiratory dyssynchrony, and reduce peak airway pressures 
(315). Muscle paralysis may also reduce oxygen consumption 
by decreasing the work of breathing and respiratory muscle 
blood flow (316). However, a randomized, placebo-controlled 
clinical trial in patients with severe sepsis demonstrated that 
oxygen delivery, oxygen consumption, and gastric intramuco-
sal pH were not improved during deep neuromuscular block-
ade (317).

A recent randomized clinical trial of continuous infusions 
of cisatracurium in patients with early ARDS and a Pao

2
/Fio

2
  

< 150 mm Hg showed improved adjusted survival rates and 
more organ failure-free days without an increased risk in ICU-
acquired weakness compared with placebo-treated patients 
(318). The investigators used a high fixed dose of cisatracurium 
without train-of-four monitoring, and half of the patients in the 
placebo group received at least a single dose of NMBA. Whether 
another NMBA would have similar effects is unknown. Although 
many of the patients enrolled into this trial appeared to meet 
sepsis criteria, it is not clear whether similar results would occur 
in sepsis patients. A GRADEpro Summary of Evidence Table 
regarding use of NMBA in ARDS appears in Supplemental 
Digital Content 5 (http://links.lww.com/CCM/A615).

An association between NMBA use and myopathies and 
neuropathies has been suggested by case studies and prospec-
tive observational studies in the critical care population (315, 
319–322), but the mechanisms by which NMBAs produce or 
contribute to myopathies and neuropathies in these patients 
are unknown. Although no studies are specific to the septic 
patient population, it seems clinically prudent, based on exist-
ing knowledge, that NMBAs not be administered unless there 
is a clear indication for neuromuscular blockade that cannot be 
safely achieved with appropriate sedation and analgesia (315).

Only one prospective RCT has compared peripheral 
nerve stimulation and standard clinical assessment in ICU 
patients.  Rudis et al (323) randomized 77 critically ill ICU 
patients requiring neuromuscular blockade to receive dosing 
of vecuronium based on train-of-four stimulation or on clini-
cal assessment (control group). The peripheral nerve stimu-
lation group received less drug and recovered neuromuscular 
function and spontaneous ventilation faster than the control 
group. Nonrandomized observational studies have suggested 
that peripheral nerve monitoring reduces or has no effect on 
clinical recovery from NMBAs in the ICU (324, 325).

Benefits to neuromuscular monitoring, including faster 
recovery of neuromuscular function and shorter intubation 
times, appear to exist. A potential for cost savings (reduced 

total dose of NMBAs and shorter intubation times) also may 
exist, although this has not been studied formally.

Q. Glucose Control

1. We recommend a protocolized approach to blood glucose 
management in ICU patients with severe sepsis, commenc-
ing insulin dosing when two consecutive blood glucose lev-
els are > 180 mg/dL. This approach should target an upper 
blood glucose level ≤ 180 mg/dL rather than an upper target 
blood glucose ≤ 110 mg/dL (grade 1A).

2. We recommend blood glucose values be monitored every 1 
to 2 hrs until glucose values and insulin infusion rates are 
stable, then every 4 hrs thereafter (grade 1C).

3. We recommend that glucose levels obtained with point-of-
care testing of capillary blood be interpreted with caution, 
as such measurements may not accurately estimate arterial 
blood or plasma glucose values (UG).

Rationale. One large RCT single-center trial in a predomi-
nantly cardiac surgical ICU demonstrated a reduction in ICU 
mortality with intensive intravenous insulin (Leuven protocol) 
targeting blood glucose to 80 to 110 mg/dL (326). A second 
randomized trial of intensive insulin therapy using the Leuven 
protocol enrolled medical ICU patients with an anticipated 
ICU length of stay of more than 3 days in three medical ICUs 
and overall mortality was not reduced (327).

Since these studies (326, 327) and the previous Surviving 
Sepsis Guidelines (7) appeared, several RCTs (128, 328–332) 
and meta-analyses (333–337) of intensive insulin therapy have 
been performed. The RCTs studied mixed populations of sur-
gical and medical ICU patients (128, 328–332) and found that 
intensive insulin therapy did not significantly decrease mortality 
(128, 328–332), whereas the NICE-SUGAR trial demonstrated 
an increased mortality (331). All studies (128, 326–332) reported 
a much higher inci dence of severe hypoglycemia (glucose ≤ 40 
mg/dL) (6%−29%) with intensive insulin therapy. Several meta-
analyses confirmed that intensive insulin therapy was not associ-
ated with a mortality benefit in surgical, medical, or mixed ICU 
patients (333, 335, 337). The meta-analysis by Griesdale and col-
leagues (334), using between-trial comparisons driven mainly by 
the 2001 study by van den Berghe et al (326), found that inten-
sive insulin therapy was beneficial in surgical ICU patients (risk 
ratio, 0.63 [0.44−0.9]), whereas the meta-analysis by Friedrich 
et al (336), using within-trial comparisons, showed no benefit 
for surgical patients in mixed medical-surgical ICUs (risk ratio 
0.99 [0.82−1.11]) and no subgroup of surgical patients who ben-
efited from intensive insulin therapy. Interestingly, the RCTs that 
reported (326, 327) compared intensive insulin therapy to high 
controls (180−200 mg/dL) (OR, 0.89 [0.73−1.09]), whereas those 
that did not demonstrate benefit (330–332) compared intensive 
therapy to moderate controls (108−180 mg/dL) [OR, 1.14 (1.02 
to −1.26)]. See Supplemental Digital Content 6 (http://links.
lww.com/CCM/A615) for details.

The trigger to start an insulin protocol for blood glucose 
levels > 180 mg/dL with an upper target blood glucose level  
< 180 mg/dL derives from the NICE-SUGAR study (331), 
which used these values for initiating and stopping therapy. The 
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NICE-SUGAR trial is the largest, most compelling study to date 
on glucose control in ICU patients given its inclusion of multi-
ple ICUs and hospitals and a general patient population. Several 
medical organizations, including the American Association 
of Clinical Endocrinologists, American Diabetes Association, 
American Heart Association, American College of Physicians, 
and Society of Critical Care Medicine, have published consensus 
statements for glycemic control of hospitalized patients (338–
341). These statements usually targeted glucose levels between 
140 and 180 mg/dL. As there is no evidence that targets between 
140 and 180 mg/dL are different from targets of 110 to 140 mg/
dL, the recommendations use an upper target blood glucose 
≤ 180 mg/dL without a lower target other than hypoglycemia. 
Treatment should avoid hyperglycemia (> 180 mg/dL), hypogly-
cemia, and wide swings in glucose levels. The continuation of 
insulin infusions, especially with the cessation of nutrition, has 
been identified as a risk factor for hypoglycemia (332). Balanced 
nutrition may be associated with a reduced risk of hypoglyce-
mia (342). Several studies have suggested that the variability in 
glucose levels over time is an important determinant of mortal-
ity (343–345). Hyperglycemia and glucose variability seem to be 
unassociated with increased mortality rates in diabetic patients 
compared to nondiabetic patients (346, 347).

Several factors may affect the accuracy and reproducibil-
ity of point-of-care testing of blood capillary blood glucose, 
including the type and model of the device used, user expertise, 
and patient factors, including hematocrit (false elevation with 
anemia), PaO

2
, and drugs (348). Plasma glucose values by cap-

illary point-of-care testing have been found to be inaccurate 
with frequent false elevations (349, 350) over the range of glu-
cose levels (350), but especially in the hypoglycemic (349, 351) 
and hyperglycemic ranges (351) and in hypotensive patients 
(352) or patients receiving catecholamines (353). A review of 
12 published insulin infusion protocols for critically ill patients 
showed wide variability in dose recommendations and variable 
glucose control (354). This lack of consensus about optimal 
dosing of intravenous insulin may reflect variability in patient 
factors (severity of illness, surgical vs. medical settings), or prac-
tice patterns (eg, approaches to feeding, intravenous dextrose) 
in the environments in which these protocols were developed 
and tested. Alternatively, some protocols may be more effec-
tive than others, conclusion supported by the wide variability 
in hypoglycemia rates reported with protocols (128, 326–333). 
Thus, the use of established insulin protocols is important not 
only for clinical care but also for the conduct of clinical trials 
to avoid hypoglycemia, adverse events, and premature termina-
tion of trials before the efficacy signal, if any, can be determined. 
Several studies have suggested that computer-based algorithms 
result in tighter glycemic control with a reduced risk of hypo-
glycemia (355, 356). Further study of validated, safe, and effec-
tive protocols for controlling blood glucose concentrations and 
variability in the severe sepsis population is needed.

R. Renal Replacement Therapy

1. We suggest that continuous renal replacement therapies and 
intermittent hemodialysis are equivalent in patients with 

severe sepsis and acute renal failure because they achieve 
similar short-term survival rates (grade 2B).

2. We suggest the use of continuous therapies to facilitate 
management of fluid balance in hemodynamically unstable 
septic patients (grade 2D).

Rationale. Although numerous nonrandomized studies have 
reported a nonsignificant trend toward improved survival using 
continuous methods (357–364), two meta-analyses (365, 366) 
reported the absence of significant difference in hospital mor-
tality between patients who receive continuous and intermittent 
renal replacement therapies. This absence of apparent benefit of 
one modality over the other persists even when the analysis is 
restricted to RCT studies (366). To date, five prospective RCTs 
have been published (367–371); four found no significant dif-
ference in mortality (368–371), whereas one found significantly 
higher mortality in the continuous treatment group (367), but 
imbalanced randomization had led to a higher baseline severity 
of illness in this group. When a multivariable model was used 
to adjust for severity of illness, no difference in mortality was 
apparent between the groups (367). Most studies comparing 
modes of renal replacement in the critically ill have included 
a small number of patients and some major weaknesses (ie, 
randomization failure, modifications of therapeutic protocol 
during the study period, combination of different types of con-
tinuous renal replacement therapies, small number of hetero-
geneous groups of enrollees). The most recent and largest RCT 
(371) enrolled 360 patients and found no significant difference 
in survival between the continuous and intermittent groups. 
Moreover, no evidence supports the use of continuous therapies 
in sepsis independent of renal replacement needs.

No evidence supports a better tolerance with continu-
ous treatments regarding the hemodynamic tolerance of each 
method. Two prospective studies (369, 372) have reported a bet-
ter hemodynamic tolerance with continuous treatment, with no 
improvement in regional perfusion (372) and no survival ben-
efit (369). Four other prospective studies did not find any sig-
nificant difference in mean arterial pressure or drop in systolic 
pressure between the two methods (368, 370, 371, 373). Two 
studies reported a significant improvement in goal achievement 
with continuous methods (367, 369) regarding fluid balance 
management. In summary, the evidence is insufficient to draw 
strong conclusions regarding the mode of replacement therapy 
for acute renal failure in septic patients.

The effect of dose of continuous renal replacement on out-
comes in patients with acute renal failure has shown mixed 
results (374, 375). None of these trials was conducted specifi-
cally in patients with sepsis. Although the weight of evidence 
suggests that higher doses of renal replacement may be associ-
ated with improved outcomes, these results may not be general-
izable. Two large multicenter randomized trials comparing the 
dose of renal replacement (Acute Renal Failure Trial Network 
in the United States and RENAL Renal Replacement Therapy 
Study in Australia and New Zealand) failed to show benefit of 
more aggressive renal replacement dosing. (376, 377). A typical 
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dose for continuous renal replacement therapy would be 20 to 
25 mL/kg/hr of effluent generation.

S. bicarbonate Therapy

1. We recommend against the use of sodium bicarbonate ther-
apy for the purpose of improving hemodynamics or reduc-
ing vasopressor requirements in patients with hypoperfu-
sion-induced lactic acidemia with pH ≥ 7.15 (grade 2B).

Rationale. Although bicarbonate therapy may be useful in 
limiting tidal volume in ARDS in some situations of permissive 
hypercapnia (see section, Mechanical Ventilation of ARDS), no 
evidence supports the use of bicarbonate therapy in the treat-
ment of hypoperfusion-induced lactic acidemia associated with 
sepsis. Two blinded, crossover RCTs that compared equimolar 
saline and bicarbonate in patients with lactic acidosis failed to 
reveal any difference in hemodynamic variables or vasopressor 
requirements (378, 379). The number of patients with < 7.15 pH 
in these studies was small. Bicarbonate administration has been 
associated with sodium and fluid overload, an increase in lac-
tate and PCO

2
, and a decrease in serum ionized calcium, but the 

relevance of these variables to outcome is uncertain. The effect 
of bicarbonate administration on hemodynamics and vasopres-
sor requirements at lower pH, as well as the effect on clinical 
outcomes at any pH, is unknown. No studies have examined the 
effect of bicarbonate administration on outcomes.

T. Deep Vein Thrombosis Prophylaxis

1. We recommend that patients with severe sepsis receive 
daily pharmacoprophylaxis against venous thromboembo-
lism (VTE) (grade 1B). We recommend that this be accom-
plished with daily subcutaneous low-molecular weight 
heparin (LMWH) (grade 1B versus unfractionated heparin 
[UFH] twice daily and grade 2C versus UFH given thrice 
daily). If creatinine clearance is < 30 mL/min, we recom-
mend use of dalteparin (grade 1A) or another form of 
LMWH that has a low degree of renal metabolism (grade 
2C) or UFH (grade 1A).

2. We suggest that patients with severe sepsis be treated with 
a combination of pharmacologic therapy and intermit-
tent pneumatic compression devices whenever possible 
(grade 2C).

3. We recommend that septic patients who have a contraindica-
tion to heparin use (eg, thrombocytopenia, severe coagulopathy, 
active bleeding, recent intracerebral hemorrhage) not receive 
pharmacoprophylaxis (grade 1B). Rather we suggest they 
receive mechanical prophylactic treatment, such as graduated 
compression stockings or intermittent compression devices 
(grade 2C), unless contraindicated. When the risk decreases, we 
suggest starting pharmacoprophylaxis (grade 2C).

Rationale. ICU patients are at risk for deep vein thrombosis 
(DVT) (380). It is logical that patients with severe sepsis would 
be at a similar or higher risk than the general ICU population. 
The consequences of VTE in the setting of sepsis (increased 
risk of potentially fatal pulmonary emboli in an already 

hemodynamically compromised patient) are dire. Therefore, 
prevention of VTE is highly desirable, especially if it can be 
done safely and effectively.

Prophylaxis is generally effective. In particular, nine placebo-
controlled RCTs of VTE prophylaxis have been conducted in 
general populations of acutely ill patients (381–389). All trials 
showed reduction in DVT or pulmonary embolism, a benefit 
that is also supported by meta-analyses (390, 391). Thus, the 
evidence strongly supports the value of VTE prophylaxis (grade 
1A). The prevalence of infection/sepsis was 17% in those studies 
in which this could be ascertained. One study investigated only 
ICU patients only, and 52% of those enrolled had infection/
sepsis. The need to extrapolate from general, acutely ill patients 
to critically ill patients to septic patients downgrades the 
evidence. That the effect is pronounced and the data are robust 
somewhat mitigate against the extrapolation, leading to a grade 
B determination. Because the patient’s risk of administration is 
small, the gravity of not administering may be great, and the 
cost is low, the strength of the recommendation is strong (1).

Deciding how to provide prophylaxis is decidedly more 
difficult. The Canadian Critical Care Trials Group compared 
UFH (5000 IU twice daily) to LMWH (dalteparin, 5000 
IU once per day and a second placebo injection to ensure 
parallel-group equivalence) (392). No statistically signifi-
cant difference in asymptomatic DVTs was found between 
the two groups (hazard ratio, 0.92; 95% CI, 0.68−1.23; p = 
0.57), but the proportion of patients diagnosed with pul-
monary embolism on CT scan, high-probability ventila-
tion perfusion scan, or autopsy was significantly lower in 
the LMWH group (hazard ratio, 0.51; 95% CI, 0.30−0.88;  
p = 0.01).The study did not account for the use of other forms 
of LMWH. These data suggest that LMWH (dalteparin) is 
the treatment of choice over UFH administered twice daily 
in critically ill patients. Also, because the study included sep-
tic patients, the evidence supporting the use of dalteparin over 
twice daily UFH in critically ill, and perhaps septic, patients is 
strong. Similarly, a meta-analysis of acutely ill, general medical 
patients comparing UFH twice and thrice daily demonstrated 
that the latter regimen was more effective at preventing VTE, 
but twice daily dosing produced less bleeding (393). Both criti-
cally ill and septic patients were included in these analyses, but 
their numbers are unclear. Nonetheless, the quality of evidence 
supporting the use of three times daily, as opposed to twice 
daily, UFH dosing in preventing VTE in acutely ill medi cal 
patients is high (A). However, comparing LMWH to twice daily 
UFH, or twice daily UFH to three times daily UFH, in sepsis 
requires extrapolation, downgrading the data. No data exist on 
direct comparison of LMWH to UFH administered three times 
daily, nor are there any studies directly comparing twice daily 
and thrice daily UFH dosing in septic or critically ill patients. 
Therefore, it is not possible to state that LMWH is superior to 
three times daily UFH or that three times daily dosing is supe-
rior to twice daily administration in sepsis. This downgrades 
the quality of the evidence and therefore the recommendation.

Douketis et al (394) conducted a study of 120 critically 
ill patients with acute kidney injury (creatinine clearance  
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< 30 mL/min) who received VTE prophylaxis with dalteparin 
5000 IU daily for between 4 and 14 days and had at least one 
trough anti-factor Xa level measured. None of the patients 
had bio-accumulation (trough anti-factor Xa level lower than 
0.06 IU/mL). The incidence of major bleeding was somewhat 
higher than in trials of other agents, but most other studies 
did not involve critically ill patients, in whom the bleeding risk 
is higher. Further, bleeding did not correlate with detectable 
trough levels (394). Therefore, we recommend that dalteparin 
can be administered to critically ill patients with acute renal 
failure (A). Data on other LMWHs are lacking. Consequently, 
these forms should probably be avoided or, if used, anti-factor 
Xa levels should be monitored (grade 2C). UFH is not renally 
cleared and is safe (grade 1A).

Mechanical methods (intermittent compression devices and 
graduated compression stockings) are recommended when 
anticoagulation is contraindicated (395–397). A meta-analysis 
of 11 studies, including six RCTs, published in the Cochrane 
Library concluded that the combination of pharmacologic and 
mechanical prophylaxis was superior to either modality alone 
in preventing DVT and was better than compression alone 
in preventing pulmonary embolism (398).  This analysis did 
not focus on sepsis or critically ill patients but included stud-
ies of prophylaxis after orthopedic, pelvic, and cardiac surgery. 
In addition, the type of pharmacologic prophylaxis varied, 
including UFH, LMWH, aspirin, and warfarin. Nonetheless, 
the minimal risk associated with compression devices lead 
us to recommend combination therapy in most cases. In 
very-high-risk patients, LMWH is preferred over UFH (392, 
399–401). Patients receiving heparin should be monitored for 
development of heparin-induced thrombocytopenia. These 
recommendations are consistent with those developed by the 
American College of Chest Physicians (402).

U. Stress Ulcer Prophylaxis

1.  We recommend that stress ulcer prophylaxis using H
2
 blocker 

or proton pump inhibitor be given to patients with severe 
sepsis/septic shock who have bleeding risk factors (grade 1B).

2.  When stress ulcer prophylaxis is used, we suggest the use of 
proton pump inhibitors rather than H

2
 receptor antagonists 

(H2RA) (grade 2C).
3.  We suggest that patients without risk factors should not 

receive prophylaxis (grade 2B).

Rationale. Although no study has been performed specifi-
cally in patients with severe sepsis, trials confirming the benefit 
of stress ulcer prophylaxis in reducing upper gastrointestinal 
(GI) bleeding in general ICU populations included 20% to 25% 
of patients with sepsis (403–406). This benefit should be appli-
cable to patients with severe sepsis and septic shock. In addition, 
the risk factors for GI bleeding (eg, coagulopathy, mechanical 
ventilation for at least 48 hrs, possibly hypotension) are fre-
quently present in patients with severe sepsis and septic shock 
(407, 408). Patients without these risk factors are unlikely (0.2%; 
95% CI, 0.02−0.5) to have clinically important bleeding (407).

Both old and new meta-analyses show prophylaxis-induced 
reduction in clinically significant upper GI bleeding, which we 
consider significant even in the absence of proven mortality 
benefit (409–411). The benefit of prevention of upper GI 
bleeding must be weighed against the potential (unproven) 
effect of increased stomach pH on a greater incidence of VAP 
and C. difficile infection (409, 412, 413). (See Supplemental 
Digital Content 7 and 8 [http://links.lww.com/CCM/
A615], Summary of Evidence Tables for effects of treatments 
on specific outcomes.) In an exploratory hypothesis, we 
considered (as did the authors of the meta-analysis) (411) the 
possibility of less benefit and more harm in prophylaxis among 
patients receiving enteral nutrition but decided to provide one 
recommendation while lowering the quality of evidence. The 
balance of benefits and risks may thus depend on the individual 
patient’s characteristics as well as on the local epidemiology of 
VAP and C. difficile infections. The rationale for considering 
only suppression of acid production (and not sucralfate) is 
based on the study of 1,200 patients by Cook et al comparing 
H

2
 blockers and sucralfate (414). More recent meta-analyses 

provide low-quality evidence suggesting more effective GI 
bleeding protection with the use of proton pump inhibitors 
than with H2RA (415–417). Patients should be periodically 
evaluated for the continued need for prophylaxis.

V. Nutrition

1. We suggest administering oral or enteral (if necessary) feed-
ings, as tolerated, rather than either complete fasting or pro-
vision of only intravenous glucose within the first 48 hrs 
after a diagnosis of severe sepsis/septic shock (grade 2C).

2. We suggest avoiding mandatory full caloric feeding in the 
first week, but rather suggest low-dose feeding (eg, up to 
500 kcal per day), advancing only as tolerated (grade 2B).

3. We suggest using intravenous glucose and enteral nutrition 
rather than total parenteral nutrition (TPN) alone or paren-
teral nutrition in conjunction with enteral feeding in the first 7 
days after a diagnosis of severe sepsis/septic shock (grade 2B).

4. We suggest using nutrition with no specific immunomodulat-
ing supplementation in patients with severe sepsis (grade 2C).

Rationale. Early enteral nutrition has theoretical advan-
tages in the integrity of gut mucosa and prevention of bacterial 
translocation and organ dysfunction, but also concerning is the 
risk of ischemia, mainly in hemodynamically unstable patients.

Unfortunately, no clinical trial has specifically addressed 
early feeding in septic patients. Studies on different subpopula-
tions of critically ill patients, mostly surgical patients, are not 
consistent, with great variability in the intervention and con-
trol groups; all are of low methodological quality (418–427) 
and none was individually powered for mortality, with very 
low mortality rates (418–420, 423, 426). Authors of previously 
published meta-analyses of optimal nutrition strategies for the 
critically ill all reported that the studies they included had high 
heterogeneity and low quality(418–430). Although no consis-
tent effect on mortality was observed, there was evidence of 
benefit from some early enteral feeding on secondary outcomes, 
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such as reduced incidence of infectious complications (418, 
422, 426, 427–430), reduced length of mechanical ventilation 
(421, 427), and reduced ICU (421, 427) and hospital stays (428). 
No evidence of harm was demonstrated in any of those studies. 
Therefore, there is insufficient evidence to issue a strong recom-
mendation, but the suggestion of benefit and absence of harm 
supports a suggestion that some enteral feeding is warranted.

Studies comparing full caloric early enteral feeding to lower 
targets in the critically ill have produced inconclusive results. 
In four studies, no effect on mortality was seen (431–434); one 
reported fewer infectious complications (431), and the others 
reported increased diarrhea and gastric residuals (433, 434) 
and increased incidence of infectious complications with full 
caloric feeding (432). In another study, mortality was greater 
with higher feeding, but differences in feeding strategies were 
modest and the sample size was small (435). Therefore, evidence 
is insufficient to support an early target of full caloric intake 
and, indeed, some possibility of harm exists. Underfeeding 
(60%−70% of target) or trophic feeding (upper limit of 500 
kcal) is probably a better nutritional strategy in the first week of 
severe sepsis/septic shock. This upper limit for trophic feeding 
is a somewhat arbitrary number, but based in part on the fact 
that the two recent studies used a range of 240−480 kcal (433, 
434). Underfeeding/trophic feeding strategies did not exclude 
advancing diet as tolerated in those who improved quickly.

Some form of parenteral nutrition has been compared to 
alternative feeding strategies (eg, fasting or enteral nutrition) 
in well over 50 studies, although only one exclusively studied 
sepsis (436), and eight meta-analyses have been published 
(429, 437–443). Two of the meta-analyses summarize com-
parisons of parenteral nutrition vs. fasting or intravenous glu-
cose (437, 438), and six look at parenteral vs. enteral nutrition 
(429, 439–443), two of which attempted to explore the effect 
of early enteral nutrition (441, 442). Recently, a study much 
larger than most earlier nutrition trials compared ICU patients 
randomized to early use of parenteral nutrition to augment 
enteral feeding vs. enteral feeding with only late initiation of 
parenteral nutrition if necessary (444).

No direct evidence supports the benefits or harm of paren-
teral nutrition in the first 48 hrs in sepsis. Rather, the evidence 
is generated predominantly from surgical, burn, and trauma 
patients. None of the meta-analyses reports a mortality ben-
efit with parenteral nutrition, except one suggesting paren-
teral nutrition may be better than late introduction of enteral 
nutrition (442). Several suggested that parenteral nutrition 
had higher infectious complications compared both to fast-
ing or intravenous glucose and to enteral nutrition (429, 431, 
438, 439, 442). Enteral feeding was associated with a higher 
rate of enteral complications (eg, diarrhea) than parenteral 
nutrition (438). The use of parenteral nutrition to supple-
ment enteral feeding was also analyzed by Dhaliwal et al (440), 
who also reported no benefit. The trial by Casaer et al (444) 
reported that early initiation of parenteral nutrition led to lon-
ger hospital and ICU stays, longer duration of organ support, 
and higher incidence of ICU-acquired infection. One-fifth of 
patients had sepsis and there was no evidence of heterogeneity 

in treatment effects across subgroups, including the sepsis sub-
jects. Therefore, no studies suggest the superiority of TPN over 
enteral alone in the first 24 hrs. In fact, there is a suggestion that 
enteral nutrition may in fact be superior to TPN vis-à-vis infec-
tious complications and possibly requirement for intensive care 
and organ support.

Immune system function can be modified through altera-
tions in the supply of certain nutrients, such as arginine, gluta-
mine, or omega-3 fatty acids. Numerous studies have assessed 
whether use of these agents as nutritional supplements can 
affect the course of critical illness, but few specifically addressed 
their early use in sepsis. Four meta-analyses evaluated immune-
enhancing nutrition and found no difference in mortality, nei-
ther in surgical nor medical patients (445–448). However, they 
analyzed all studies together, regardless of the immunocompo-
nent used, which could have compromised their conclusions. 
Other individual studies analyzed diets with a mix of arginine, 
glutamine, antioxidants, and/or omega-3 with negative results 
(449, 450) including a small study in septic patients showing a 
nonsignificant increase in ICU mortality (451, 452).

Arginine.
Arginine availability is reduced in sepsis, which can lead 

to reduced nitric oxide synthesis, loss of microcirculatory 
regulation, and enhanced production of superoxide and 
peroxynitrite. However, arginine supplementation could lead 
to unwanted vasodilation and hypotension (452, 453). Human 
trials of l-arginine supplementation have generally been small 
and reported variable effects on mortality (454–457). The 
only study in septic patients showed improved survival, but 
had limitations in study design (455). Other studies suggested 
no benefit (449, 454, 455) or possible harm (455) in the 
subgroup of septic patients. Some authors found improvement 
in secondary outcomes in septic patients, such as reduced 
infectious complications (454, 455) and length of hospital 
stay (454), but the relevance of these findings in the face of 
potential harm is unclear.

Glutamine.
Glutamine levels are also reduced during critical illness. 

Exogenous supplementation can improve gut mucosal atrophy 
and permeability, possibly leading to reduced bacterial trans-
location. Other potential benefits are enhanced immune cell 
function, decreased pro-inflammatory cytokine production, 
and higher levels of glutathione and antioxidative capacity 
(452, 453). However, the clinical significance of these findings 
is not clearly established.

Although a previous meta-analysis showed mortality reduc-
tion (428), four other meta-analyses did not (458–462). Other 
small studies not included in those meta-analyses had similar 
results (463, 464). Three recent well-designed studies also failed 
to show a mortality benefit in the primary analyses (227, 465, 
466), but again, none focused specifically on septic patients. 
Two small studies on septic patients showed no benefit in mor-
tality rates (467, 468) but a significant reduction in infectious 
compli cations (467) and a faster recovery of organ dysfunc-
tion (468). Some previous individual studies and meta-analyses 



Special Article

Critical Care Medicine www.ccmjournal.org 613

showed posi tive secondary outcomes, such as reduction in infec-
tious morbid ity (461, 462, 465) and organ dysfunction (462). 
Beneficial effects were found mostly in trials using parenteral 
rather than enteral glutamine. However, recent and well-sized 
studies could not demonstrate a reduction of infectious compli-
cations (227) or organ dysfunction (465, 466), even with paren-
teral glutamine. An ongoing trial (REDOXS) of 1,200 patients 
will test both enteral and parenteral glutamine and antioxidant 
supplementation in critically ill, mechanically ventilated patients 
(469). Although no clear benefit could be demonstrated in clini-
cal trials with supplemental glutamine, there is no sign of harm.

The omega-3 fatty acids eicosapentaenoic acid (EPA) and 
gamma-linolenic acid (GLA) are eicosanoid precursors. The 
prostaglandins, leukotrienes, and thromboxanes produced from 
EPA/GLA are less potent than their arachidonic acid-derived 
equivalents, reducing the pro-inflammatory impact on the 
immune response (452, 453). Three early studies were sum-
marized in a meta-analysis that reported a significant mortal-
ity reduction, increased ventilator-free days, and reduced risk of 
new organ dysfunction (470). However, only one study was in 
septic patients (471), none was individually powered for mortal-
ity (472, 473), and all three used a diet with high omega-6 lipid 
content in the control group, which is not the usual standard of 
care in the criti cally ill. The authors who first reported reduced 
mortality in sepsis (471) conducted a follow-up multicenter 
study and again found improvement in nonmortality outcomes, 
though notably with no demonstrable effect on mortality (474). 
Other studies using enteral (475–477) or parenteral (478–480) 
fish oil failed to confirm these findings in general critical illness 
or acute lung injury. Thus, no large, reproducible findings sug-
gest a clear benefit in the use of immunomodulating nutritional 
supplements in sepsis, though larger trials are ongoing.

W. Setting Goals of Care

1. We recommend that goals of care and prognosis be dis-
cussed with patients and families (grade 1B).

2. We recommend that the goals of care be incorporated into 
treatment and end-of-life care planning, utilizing palliative 
care principles where appropriate (grade 1B).

3.  We suggest that goals of care be addressed as early as feasible, 
but no later than within 72 hrs of ICU admission (grade 2C).

Rationale. The majority of ICU patients receive full 
support with aggressive, life-sustaining treatments. Many 
patients with multiple organ system failure or severe neu-
rologic injuries will not survive or will have a poor quality 
of life. Decisions to provide less-aggressive life-sustaining 
treatments or to withdraw life-sustaining treatments in these 
patients may be in the patient’s best interest and may be what 
patients and their families desire (481). Physicians have dif-
ferent end-of-life practices based on their region of practice, 
culture, and religion (482). Although the outcome of inten-
sive care treatment in critically ill patients may be difficult 
to prognosticate accurately, establishing realistic treat ment 
goals is important in promoting patient-centered care in the 
ICU (483). Models for structuring initiatives to enhance care 

in the ICU highlight the importance of incorporating goals 
of care along with the prognosis into treatment plans (484).  
Additionally, discussing the prognosis for achieving the goals 
of care and level of certainty of prognosis has been identified 
as an important component of surrogate decision-making 
in the ICU (485, 486). However, variations exist in the use 
of advanced care planning and integration of palliative and 
end-of-life care in the ICU, which can lead to conflicts that 
may threaten overall quality of care (487, 488). The use of 
proactive family care conferences to identify advanced direc-
tives and treatment goals within 72 hrs of ICU admission 
promotes communication and understanding between the 
patient’s family and the care team; improves family satisfac-
tion; decreases stress, anxiety, and depression in surviving 
relatives; facilitates end-of-life decision making; and short-
ens length of stay for patients who die in the ICU (489–494). 
Clinical practice guidelines for support of the ICU patient 
and family pro mote: early and repeated care conferencing to 
reduce family stress and improve consistency in communica-
tion; open flexible visita tion; family presence during clinical 
rounds and resuscitation; and attention to cultural and spiri-
tual support (495). Additionally, the integration of advanced 
care planning and palliative care focused on pain manage-
ment, symptom control, and family support has been shown 
to improve symptom management and patient com fort, and 
to improve family communication (484, 490, 496). 

PEDIATRIC CONSIDERATIONS IN SEVERE 
SEPSIS (TAbLE 9)
While sepsis in children is a major cause of death in industrialized 
countries with state-of-the-art ICUs, the overall mortality from 
severe sepsis is much lower than that in adults, estimated at about 
2% to 10% (497–499). The hospital mortality rate for severe sepsis 
is 2% in previously healthy children and 8% in chronically ill chil-
dren in the United States (497). Definitions of sepsis, severe sepsis, 
septic shock, and multiple organ dysfunction/failure syndromes 
are similar to adult definitions but depend on age-specific heart 
rate, respiratory rate, and white blood cell count cutoff values 
(500, 501). This document provides recommendations only for 
term newborns and children in the industrialized resource-rich 
setting with full access to mechanical ventilation ICUs.

A. Initial Resuscitation

1. We suggest starting with oxygen administered by face mask 
or, if needed and available, high-flow nasal cannula oxy-
gen or nasopharyngeal continuous positive airway pressure 
(CPAP) for respiratory distress and hypoxemia. Peripheral 
intravenous access or intraosseous access can be used for fluid 
resuscitation and inotrope infusion when a central line is not  
available. If mechanical ventilation is required, then cardio-
vascular instability during intubation is less likely after appro-
priate cardiovascular resuscitation (grade 2C).

Rationale. Due to low functional residual capacity, young 
infants and neonates with severe sepsis may require early intu-
bation; however, during intubation and mechanical ventilation, 
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TAbLE 9. Recommendations: Special Considerations in Pediatrics

A. Initial Resuscitation

 1. For respiratory distress and hypoxemia start with face mask oxygen or if needed and available, high flow nasal cannula oxygen 
or nasopharyngeal CPAP (NP CPAP). For improved circulation, peripheral intravenous access or intraosseus access can be 
used for fluid resuscitation and inotrope infusion when a central line is not available. If mechanical ventilation is required then 
cardiovascular instability during intubation is less likely after appropriate cardiovascular resuscitation (grade 2C).

 2. Initial therapeutic end points of resuscitation of septic shock: capillary refill of ≤2 secs, normal blood pressure for age, normal pulses 
with no differential between peripheral and central pulses, warm extremities, urine output >1 mL·kg-1·hr-1, and normal mental status. 
Scvo2 saturation ≥70% and cardiac index between 3.3 and 6.0 L/min/m2 should be targeted thereafter (grade 2C).

 3. Follow American College of Critical Care Medicine-Pediatric Life Support ( ACCM-PALS) guidelines for the management of 
septic shock (grade 1C).

 4. Evaluate for and reverse pneumothorax, pericardial tamponade, or endocrine emergencies in patients with refractory shock 
(grade 1C).

b. Antibiotics and Source Control

 1. Empiric antibiotics be administered within 1 hr of the identification of severe sepsis. Blood cultures should be obtained before 
administering antibiotics when possible but this should not delay administration of antibiotics. The empiric drug choice should 
be changed as epidemic and endemic ecologies dictate (eg H1N1, MRSA, chloroquine resistant malaria, penicillin-resistant 
pneumococci, recent ICU stay, neutropenia ) (grade 1D).

 2. Clindamycin and anti-toxin therapies for toxic shock syndromes with refractory hypotension (grade 2D).

 3. Early and aggressive source control (grade 1D).

 4. Clostridium difficile colitis should be treated with enteral antibiotics if tolerated. Oral vancomycin is preferred for severe disease (grade 1A).

C. Fluid Resuscitation

 1. In the industrialized world with access to inotropes and mechanical ventilation, initial resuscitation of hypovolemic shock begins 
with infusion of isotonic crystalloids or albumin with boluses of up to 20 mL/kg crystalloids (or albumin equivalent ) over 5–10 
minutes, titrated to reversing hypotension, increasing urine output, and attaining normal capillary refill, peripheral pulses, and 
level of consciousness without inducing hepatomegaly or rales. If hepatomegaly or rales exist then inotropic support should be 
implemented, not fluid resuscitation. In non-hypotensive children with severe hemolytic anemia (severe malaria or sickle cell 
crises) blood transfusion is considered superior to crystalloid or albumin bolusing (grade 2C).

D. Inotropes/Vasopressors/Vasodilators

 1. Begin peripheral inotropic support until central venous access can be attained in children who are not responsive to fluid 
resuscitation (grade 2C).

 2. Patients with low cardiac output and elevated systemic vascular resistance states with normal blood pressure be given 
vasodilator therapies in addition to inotropes (grade 2C).

E. Extracorporeal Membrane Oxygenation (ECMO)

 1. Consider ECMO for refractory pediatric septic shock and respiratory failure (grade 2C).

F. Corticosteroids

 1. Timely hydrocortisone therapy in children with fluid refractory, catecholamine resistant shock and suspected or proven absolute 
(classic) adrenal insufficiency (grade 1A).

G. Protein C and Activated Protein Concentrate

No recommendation as no longer available.

H. blood Products and Plasma Therapies

 1. Similar hemoglobin targets in children as in adults. During resuscitation of low superior vena cava oxygen saturation shock 
(< 70%), hemoglobin levels of 10 g/dL are targeted. After stabilization and recovery from shock and hypoxemia then a lower 
target > 7.0 g/dL can be considered reasonable (grade 1B).

 2. Similar platelet transfusion targets in children as in adults (grade 2C).

 3. Use plasma therapies in children to correct sepsis-induced thrombotic purpura disorders, including progressive disseminated 
intravascular coagulation, secondary thrombotic microangiopathy, and thrombotic thrombocytopenic purpura (grade 2C).

I. Mechanical Ventilation.

 1 Lung-protective strategies during mechanical ventilation (grade 2C)

(Continued)



Special Article

Critical Care Medicine www.ccmjournal.org 615

TAbLE 9. (Continued) Recommendations: Special Considerations in Pediatrics

J. Sedation/Analgesia/Drug Toxicities

 1. We recommend use of sedation with a sedation goal in critically ill mechanically ventilated patients with sepsis (grade 1D).

 2. Monitor drug toxicity labs because drug metabolism is reduced during severe sepsis, putting children at greater risk of adverse 
drug-related events (grade 1C).

K. Glycemic Control

 1. Control hyperglycemia using a similar target as in adults ≤ 180 mg/dL. Glucose infusion should accompany insulin therapy in 
newborns and children because some hyperglycemic children make no insulin whereas others are insulin resistant (grade 2C).

L. Diuretics and Renal Replacement Therapy

 1. Use diuretics to reverse fluid overload when shock has resolved, and if unsuccessful then continuous venovenous hemofiltration 
(CVVH) or intermittent dialysis to prevent > 10% total body weight fluid overload (grade 2C).

M. Deep Vein Thrombosis (DVT) Prophylaxis

 No recommendation on the use of DVT prophylaxis in prepubertal children with severe sepsis.

N. Stress Ulcer(SU) Prophylaxis

  No recommendation on the use of SU prophylaxis in prepubertal children with severe sepsis.

O. Nutrition

 1. Enteral nutrition given to children who can be fed enterally, and parenteral feeding in those who cannot (grade 2C).

increased intrathoracic pressure can reduce venous return and 
lead to worsening shock if the patient is not volume loaded. In 
those who desaturate despite administration of face mask oxy-
gen, high-flow nasal cannula oxygen or nasopharyngeal CPAP 
can be used to increase functional residual capacity and reduce 
the work of breathing, allowing for establishment of intrave-
nous or intraosseous access for fluid resuscitation and periph-
eral inotrope delivery (502, 503). Drugs used for sedation have 
important side effects in these patients. For example, etomidate 
is associated with increased mortality in children with menin-
gococcal sepsis because of adrenal suppression effect (504, 505). 
Because attainment of central access is more difficult in chil-
dren than adults, reliance on peripheral or intraosseous access 
can be substituted until and unless central access is available.

2. We suggest that the initial therapeutic endpoints of resuscita-
tion of septic shock be capillary refill of ≤ 2 s, normal blood 
pressure for age, normal pulses with no differential between 
peripheral and central pulses, warm extremities, urine output 
> 1 mL/kg/hr, and normal mental status. Thereafter, ScvO

2
 

saturation greater than or equal to 70% and cardiac index 
between 3.3 and 6.0 L/min/m2 should be targeted (grade 2C).

Rationale. Adult guidelines recommend lactate clearance as 
well, but children commonly have normal lactate levels with 
septic shock. Because of the many modalities used to measure 
ScvO

2
 and cardiac index, the specific choice is left to the practi-

tioner’s discretion (506–512).

3. We recommend following the American College of Critical 
Care Medicine-Pediatric Advanced Life Support guidelines 
for the management of septic shock (grade 1C).

Rationale. The recommended guidelines are summarized 
in Figure 2 (510–512).

4. We recommend evaluating for and reversing pneumotho-
rax, pericardial tamponade, or endocrine emergencies in 
patients with refractory shock (grade 1C).

Rationale. Endocrine emergencies include hypoadrenal-
ism and hypothyroidism. In select patients, intra-abdominal 
hypertension may also need to be considered (513–515).

b. Antibiotics and Source Control

1. We recommend that empiric antimicrobials be adminis-
tered within 1 hr of the identification of severe sepsis. Blood 
cultures should be obtained before administering antibiot-
ics when possible, but this should not delay initiation of 
antibiotics. The empiric drug choice should be changed as 
epidemic and endemic ecologies dictate (eg, H1N1, meth-
icillin-resistant S. aureus, chloroquine-resistant malaria, 
penicillin-resistant pneumococci, recent ICU stay, neutro-
penia) (grade 1D).

Rationale. Vascular access and blood drawing is more dif-
ficult in newborns and children. Antimicrobials can be given 
intramuscularly or orally (if tolerated) until intravenous line 
access is available (516–519).

2. We suggest the use of clindamycin and antitoxin therapies 
for toxic shock syndromes with refractory hypotension 
(grade 2D).

Rationale. Children are more prone to toxic shock than 
adults because of their lack of circulating antibodies to toxins. 
Children with severe sepsis and erythroderma and suspected 
toxic shock should be treated with clindamycin to reduce 
toxin production. The role of IVIG in toxic shock syndrome 
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Figure 2.  Algorithm for time sensitive, goal-directed stepwise management of hemodynamic support in infants and children. Reproduced from Brierley 
J, Carcillo J, Choong K, et al: Clinical practice parameters for hemodynamic support of pediatric and neonatal septic shock: 2007 update from the Ameri-
can College of Critical Care Medicine. Crit Care Med 2009; 37:666–688.

is unclear, but it may be considered in refractory toxic shock 
syndrome (520–527).

3. We recommend early and aggressive infection source con-
trol (grade 1D).

Rationale. Débridement and source control is paramount in 

severe sepsis and septic shock. Conditions requiring débridement 

or drainage include necrotizing pneumonia, necrotizing fasciitis, 

gangrenous myonecrosis, empyema, and abscesses. Perforated 
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viscus requires repair and peritoneal washout. Delay in use of an 
appropriate antibiotic, inadequate source control, and failure to 
remove infected devices are associated with increased mortality 
in a synergistic manner (528–538).

4. C. difficile colitis should be treated with enteral antibiotics 
if tolerated. Oral vancomycin is preferred for severe disease 
(grade 1A).

Rationale. In adults, metronidazole is a first choice; however, 
response to treatment with C. difficile can be best with enteral 
vancomycin. In very severe cases where diverting ileostomy or 
colectomy is performed, parenteral treatment should be con-
sidered until clinical improvement is ascertained (539–541).

C. Fluid Resuscitation

1. In the industrialized world with access to inotropes and 
mechanical ventilation, we suggest that initial resuscita-
tion of hypovolemic shock begin with infusion of isotonic 
crystalloids or albumin, with boluses of up to 20 mL/kg 
for crystalloids (or albumin equivalent) over 5 to 10 mins. 
These should be titrated to reversing hypotension, increas-
ing urine output, and attaining normal capillary refill, 
peripheral pulses and level of consciousness without induc-
ing hepatomegaly or rales. If hepatomegaly or rales develop, 
inotropic support should be implemented, not fluid resus-
citation. In children with severe hemolytic anemia (severe 
malaria or sickle cell crises) who are not hypotensive, blood 
transfusion is considered superior to crystalloid or albumin 
bolusing (grade 2C).

Rationale. Three RCTs compared the use of colloid to 
crystalloid resuscitation in children with hypovolemic dengue 
shock with near 100% survival in all treatment arms (542–
544). In the industrialized world, two before-and-after studies 
observed 10-fold reductions in mortality when children with 
purpura/meningococcal septic shock were treated with fluid 
boluses, inotropes, and mechanical ventilation in the com-
munity emergency department (545, 546). In one random-
ized trial, septic shock mortality was reduced (40% to 12%) 
when increased fluid boluses, blood, and inotropes were given 
to attain a Scvo

2
 monitoring goal of greater than 70% (511). 

A quality improvement study achieved a reduction in severe 
sepsis mortality (from 4.0% to 2.4%) with the deliv ery of fluid 
boluses and antibiotics in the first hour in a pediatric emer-
gency department to reverse clinical signs of shock (547).

Children normally have a lower blood pressure than adults, 
and a fall in blood pressure can be prevented by vasoconstric-
tion and increasing heart rate. Therefore, blood pressure alone 
is not a reliable endpoint for assessing the adequacy of resus-
citation. However, once hypotension occurs, cardiovascular 
collapse may soon follow. Thus, fluid resuscitation is recom-
mended for both normotensive and hypotensive children in 
hypovolemic shock (542–554). Because hepatomegaly and/or 
rales occur in children who are fluid overloaded, these find-
ings can be helpful signs of hypervolemia. In the absence of 
these signs, large fluid deficits can exist, and initial volume 

resuscitation can require 40 to 60 mL/kg or more; however, if 
these signs are present, then fluid administration should be 
ceased and diuretics should be given. Inotrope infusions and 
mechanical ventilation are commonly required for children 
with fluid-refractory shock.

D. Inotropes/Vasopressors/Vasodilators

1. We suggest beginning peripheral inotropic support until 
central venous access can be attained in children who are 
not responsive to fluid resuscitation (grade 2C).

Rationale. Cohort studies show that delay in the use of 
inotropic therapies is associated with major increases in 
mortality risk (553, 554). This delay is often related to dif-
ficulty in attaining central access. In the initial resuscitation 
phase, inotrope/vasopressor therapy may be required to sus-
tain perfusion pressure, even when hypovolemia has not yet 
been resolved. Children with severe sepsis can present with 
low cardiac output and high systemic vascular resistance, 
high cardiac output and low systemic vascular resistance, 
or low cardiac output and low systemic vascular resistance 
shock (555). A child may move from one hemodynamic 
state to another. Vasopressor or inotrope therapy should be 
used according to the hemodynamic state (555). Dopamine-
refractory shock may reverse with epinephrine or norepi-
nephrine infusion. In the case of extremely low systemic 
vascular resistance despite the use of norepinephrine, the use 
of vasopressin and terlipressin has been described in a num-
ber of case reports, yet evidence to support this in pediat-
ric sepsis, as well as safety data, are still lacking. Indeed, two 
RCTs showed no benefit in outcome with use of vasopres-
sin or terlipressin in children (556–559). Interestingly, while 
vaso pressin levels are reduced in adults with septic shock, 
such levels seem to vary extensively in children. When vaso-
pressors are used for refractory hypotension, the addition of 
inotropes is commonly needed to maintain adequate cardiac 
output (510, 511, 555).

2. We suggest that patients with low cardiac output and elevated 
systemic vascular resistance states with normal blood pres-
sure be given vasodilator therapies in addition to inotropes 
(grade 2C).

Rationale. The choice of vasoactive agent is initially 
determined by the clinical examination; however, for the 
child with invasive monitoring in place and demonstration 
of a persistent low cardiac output state with high systemic 
vascular resistance and normal blood pressure despite fluid 
resuscitation and inotropic support, vasodilator therapy 
can reverse shock. Type III phosphodiesterase inhibitors 
(amrinone, milrinone, enoximone) and the calcium sensitizer 
levosimendan can be helpful because they overcome receptor 
desensitization. Other important vasodilators include 
nitrosovasodilators, prostacyclin, and fenoldopam. In two 
RCTs, pentoxifylline reduced mortality from severe sepsis in 
newborns (510, 560–569).
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E. Extracorporeal Membrane Oxygenation

1. We suggest ECMO in children with refractory septic shock 
or with refractory respiratory failure associated with sepsis 
(grade 2C).

Rationale. ECMO may be used to support children and 
neonates with septic shock or sepsis-associated respiratory 
failure (570, 571). The survival of septic patients supported 
with ECMO is 73% for newborns and 39% for older chil-
dren, and is highest in those receiving venovenous ECMO 
(572). Forty-one percent of children with a diagnosis of sep-
sis requiring ECMO for respiratory failure survive to hospital 
discharge (573). Venoarterial ECMO is useful in children with 
refractory septic shock (574), with one center reporting 74% 
survival to hospital discharge using central cannulation via 
sternotomy (575). ECMO has been used successfully in criti-
cally ill H1N1 pediatric patients with refractory respiratory 
failure (576, 577).

F. Corticosteroids

1. We suggest timely hydrocortisone therapy in children with 
fluid-refractory, catecholamine-resistant shock and sus-
pected or proven absolute (classic) adrenal insufficiency 
(grade 1A).

Rationale. Approximately 25% of children with septic 
shock have absolute adrenal insufficiency. Patients at risk for 
absolute adrenal insufficiency include children with severe 
septic shock and purpura, those who have previously received 
steroid therapies for chronic illness, and children with pitu-
itary or adrenal abnormalities. Initial treatment is hydrocorti-
sone infusion given at stress doses (50 mg/m2/24 hr); however, 
infusions up to 50 mg/kg/d may be required to reverse shock in 
the short-term. Death from absolute adrenal insufficiency and 
septic shock occurs within 8 hrs of presentation. Obtaining 
a serum cortisol level at the time empiric hydrocortisone is 
administered may be helpful (578–583).

G. Protein C and Activated Protein Concentrate
See section, History of Recommendations Regarding Use of 
Recombinant Activated Protein C.

H. blood Products and Plasma Therapies

1. We suggest similar hemoglobin targets in children as in 
adults. During resuscitation of low superior vena cava oxy-
gen saturation shock (< 70%), hemoglobin levels of 10 g/
dL are targeted. After stabilization and recovery from shock 
and hypoxemia, then a lower target > 7.0 g/dL can be con-
sidered reasonable (grade 1B).

Rationale. The optimal hemoglobin for a critically ill child 
with severe sepsis is not known. A recent multicenter trial 
reported no difference in mortality in hemodynamically stable 
critically ill children managed with a transfusion threshold of 7 g/
dL compared with those managed with a transfusion threshold 
of 9.5 g/dL; however, the severe sepsis subgroup had an increase 

in nosocomial sepsis and lacked clear evidence of equivalence 
in outcomes with the restrictive strategy (584, 585). Blood 
transfusion is recommended by the World Health Organization 
for severe anemia, hemoglobin value < 5 g/dL, and acidosis. An 
RCT of early goal-directed therapy for pediatric septic shock 
using the threshold hemoglobin of 10 g/dL for patients with 
a SvcO

2
 saturation less than 70% in the first 72 hrs of pediatric 

ICU admission showed improved survival in the multimodal  
intervention arm (511).

2. We suggest similar platelet transfusion targets in children as 
in adults (grade 2C).

3. We suggest the use of plasma therapies in children to cor-
rect sepsis-induced thrombotic purpura disorders, includ-
ing progressive disseminated intravascular coagulation, 
secondary thrombotic microangiopathy, and thrombotic 
thrombocytopenic purpura (grade 2C).

Rationale. We give plasma to reverse thrombotic micro-
angiopathies in children with thrombocytopenia-associated 
multiple organ failure and progressive purpura because fresh 
frozen plasma contains protein C, antithrombin III, and other 
anticoagulant proteins. Rapid resuscitation of shock reverses 
most disseminated intravascular coagulation; however, pur-
pura progresses in some children in part due to critical 
consumption of antithrombotic proteins (eg, protein C, anti-
thrombin III, ADAMTS 13). Plasma is infused with the goal 
of correcting prolonged prothrombin/partial thromboplastin 
times and halting purpura. Large volumes of plasma require 
concomitant use of diuretics, continuous renal replacement 
therapy, or plasma exchange to prevent greater than 10% fluid 
overload (586–611).

I. Mechanical Ventilation

1. We suggest providing lung-protective strategies during 
mechanical ventilation (grade 2C).

Rationale. Some patients with ARDS will require increased 
PEEP to attain functional residual capacity and maintain oxy-
genation, and peak pressures above 30 to 35 cm H

2
O to attain 

effective tidal volumes of 6 to 8 mL/kg with adequate CO
2
 

removal. In these patients, physicians generally transition from 
conventional pressure control ventilation to pressure release 
ventilation (airway pressure release ventilation) or to high-fre-
quency oscillatory ventilation. These modes maintain oxygen-
ation with higher mean airway pressures using an “open” lung 
ventilation strategy. To be effective, these modes can require 
a mean airway pressure 5 cm H

2
O higher than that used with 

conventional ventilation. This can reduce venous return lead-
ing to greater need for fluid resuscitation and vasopressor 
requirements (612–616).

J. Sedation/Analgesia/Drug Toxicities

1. We recommend use of sedation with a sedation goal in  
critically ill mechanically ventilated patients with sepsis 
(grade 1D).
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Rationale. Although there are no data supporting any par-
ticular drugs or regimens, propofol should not be used for 
long-term sedation in children younger than 3 years because 
of the reported association with fatal metabolic acidosis. The 
use of etomidate and/or dexmedetomidine during septic shock 
should be discouraged, or at least considered carefully, because 
these drugs inhibit the adrenal axis and the sympathetic ner-
vous system, respectively, both of which are needed for hemo-
dynamic stability (617–620).

2. We recommend monitoring drug toxicity labs because  
drug metabolism is reduced during severe sepsis, put-
ting children at greater risk of adverse drug-related events 
(grade 1C).

Rationale. Children with severe sepsis have reduced drug 
metabolism (621).

K. Glycemic Control

1. We suggest controlling hyperglycemia using a similar target 
as in adults (≤ 180 mg/dL). Glucose infusion should accom-
pany insulin therapy in newborns and children (grade 2C).

Rationale. In general, infants are at risk for developing 
hypoglycemia when they depend on intravenous fluids. This 
means that a glucose intake of 4 to 6 mg/kg/min or mainte-
nance fluid intake with dextrose 10% normal saline con-
taining solution is advised (6−8 mg/kg/min in newborns). 
Associations have been reported between hyperglycemia 
and an increased risk of death and longer length of stay. A 
retrospective pediatric ICU study reported associations of 
hyperglycemia, hypoglycemia, and glucose variability with 
increased length of stay and mortality rates. An RCT of strict 
glycemic control compared to moderate control using insulin 
in a pediatric ICU population found a reduction in mortal-
ity with an increase in hypoglycemia. Insulin therapy should 
only be conducted with frequent glucose monitoring in view 
of the risks for hypoglycemia which can be greater in new-
borns and children due to a) relative lack of glycogen stores 
and muscle mass for gluconeogenesis, and b) the heterogeneity 
of the population with some excreting no endogenous insu-
lin and others demonstrating high insulin levels and insulin  
resistance (622–628).

L. Diuretics and Renal Replacement Therapy

1. We suggest the use of diuretics to reverse fluid overload 
when shock has resolved and if unsuccessful, then continu-
ous venovenous hemofiltration or intermittent dialysis to 
prevent greater than 10% total body weight fluid overload 
(grade 2C).

Rationale. A retrospective study of children with meningo-
coccemia showed an associated mortality risk when children 
received too little or too much fluid resuscitation (549, 553).  
A retrospective study of 113 critically ill children with multiple 
organ dysfunction syndrome reported that patients with less 

fluid overload before continuous venovenous hemofiltration 
had better survival (629–631),

M. DVT Prophylaxis

1. We make no graded recommendations on the use of DVT 
prophylaxis in prepubertal children with severe sepsis.

Rationale. Most DVTs in young children are associated 
with central venous catheters. Heparin-bonded catheters may 
decrease the risk of catheter-associated DVT. No data exist on 
the efficacy of UFH or LMWH prophylaxis to prevent catheter-
related DVT in children in the ICU (632, 633).

N. Stress Ulcer Prophylaxis

1. We make no graded recommendations on stress ulcer 
 prophylaxis.

Rationale. Studies have shown that clinically important GI 
bleeding in children occurs at rates similar to those of adults. 
Stress ulcer prophylaxis is commonly used in children who are 
mechanically ventilated, usually with H

2
 blockers or proton 

pump inhibitors, although its effect is not known (634, 635).

O. Nutrition

1. Enteral nutrition should be used in children who can toler-
ate it, parenteral feeding in those who cannot (grade 2C).

Rationale. Dextrose 10% (always with sodium-containing 
solution in children) at maintenance rate provides the glu-
cose delivery requirements for newborns and children (636). 
Patients with sepsis have increased glucose delivery needs 
which can be met by this regimen. Specific measurement of 
caloric requirements are thought to be best attained using a 
metabolic cart as they are generally less in the critically ill child 
than in the healthy child.

SUMMARY AND FUTURE DIRECTIONS
Although this document is static, the optimum treatment of 
severe sepsis and septic shock is a dynamic and evolving pro-
cess. Additional evidence that has appeared since the publica-
tion of the 2008 guidelines allows more certainty with which 
we make severe sepsis recommendations; however, further 
programmatic clinical research in sepsis is essential to optimize 
these evidence-based medicine recommendations.

New interventions will be proven and established inter-
ventions may need modification. This publication represents 
an ongoing process. The Surviving Sepsis Campaign and the 
consensus committee members are committed to updating the 
guidelines regularly as new interventions are tested and results 
published.
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Procedure Value

Ventilator mode Volume assist/control

Tidal volume goal 6 mL/kg of predicted body weight

Plateau pressure goal ≤ 30 cm H2O

Ventilator rate and pH goal 6–35, adjusted to achieve arterial pH ≥ 7.30 if possible

Inspiration expiration time 1:1−1:3

Oxygenation goal

 PaO2 55−80 mm Hg

 SpO2 88%−95%

Weaning Weaning attempted by means of pressure support when level of arterial oxygenation 
acceptable with PEEP < 8 cm H2O and Fio2 < 0.40

Allowable combinations of PEEP and FIO2
a

Higher PEEP group (after protocol changed to use higher levels of PEEP)

FIO2 0.3 0.3 0.4 0.4 0.5 0.5 0.5–0.8 0.8 0.9 1

PEEP 12 14 14 16 16 18 20 22 22 22–24

Note: Complete ventilator procedures and eligibility criteria can be found at www.ardsnet.org.
SpO2 = oxyhemoglobin saturation as measured by pulse oximetry, FIO2 = fraction of inspired oxygen, PEEP = positive end-expiratory pressure.
aIn both study groups (lower and higher PEEP), additional increases in PEEP to 34 cm H2O were allowed but not required after FIO2 had been 
increased to 1.0, according to the protocol.
Adapted from Brower RG, Lanken PN, MacIntyre N, et al: Higher vs. lower positive end-expiratory pressures in patients with the acute respiratory 
distress syndrome.  
N Engl J Med. 2004; 351(4):327–336.

APPENDIX C 
ARDSnet Ventilator Management

 Assist control mode—volume ventilation

 Reduce tidal volume to 6 mL/kg lean body weight

  Keep plateau pressure < 30 cm H2O

  –Reduce tidal volume as low as 4 mL/kg predicted body weight to limit plateau pressure

 Maintain SaO2/SpO2 between 88% and 95%

 Anticipated PEEP settings at various FIO2 requirements

  FIO2 0.3 0.4 0.4 0.5 0.5 0.6 0.7 0.7 0.7 0.8 0.9 0.9 0.9 1.0

  PEEP 5 5 8 8 10 10 10 12 14 14 14 16 18 20-24

Predicted Body Weight Calculation

  Male— 50 + 2.3 [height (inches) – 60] or 50 + 0.91 [height (cm) – 152.4]

  Female—45.5 + 2.3 [height (inches) – 60] or 45.5 + 0.91 [height (cm) – 152.4]

Sao2 = arterial oxygen saturation, PEEP = positive end-expiratory pressure, Spo2 = oxygen saturation on pulse oximetry. Adapted from Acute Respiratory 
Distress Syndrome Network. Ventilation with lower tidal volumes as compared with traditional tidal volumes for acute lung injury and the acute respiratory 
distress syndrome.  
N Engl J Med 2000; 342:1301–1308.

APPENDIX D
Summary of Ventilator Procedures in the Higher PEEP Groups of the ALVEOLI Trial

www.ardsnet.org
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Enterococci have the potential for resistance to virtually all
clinically useful antibiotics. Their emergence as important
nosocomial pathogens has coincided with increased
expression of antimicrobial resistance by members of the
genus. The mechanisms underlying antibiotic resistance in
enterococci may be intrinsic to the species or acquired
through mutation of intrinsic genes or horizontal exchange
of genetic material encoding resistance determinants. This
paper reviews the antibiotic resistance mechanisms in
Enterococcus faecium and Enterococcus faecalis and discusses
treatment options.

Introduction

Enterococci are Gram-positive, facultative anaerobic organisms
characterized by their ability to grow at 6.5% NaCl concentra-
tions and at high pH and to hydrolyze bile-esculin and L-
pyrrolidonyl-B-naphthylamide (PYR). Formerly considered mem-
bers of Lancefield group D streptococcus, DNA homology studies
suggested that they are a distinct genus. Enterococci were
previously considered commensal organisms of little clinical
importance, but have emerged as serious nosocomial pathogens
responsible for endocarditis and infections of the urinary tract,
bloodstream, meninges, wounds and the biliary tract, among
others.1 Recent surveillance data indicate that the enterococcus is
the third most commonly isolated nosocomial pathogen (12% of
all hospital infections), behind only coagulase-negative staphylo-
coccus and Staphylococcus aureus.2 The rise in prevalence of
enterococcal infections in humans is influenced to some degree by
the ability of enterococci to escape the action of our most
commonly used antibiotics. The influence of antibiotics is most
directly seen on the extent to which enterococci colonize the
gastrointestinal tract. Animal data have clearly shown the
relationship between exposure to parenteral antibiotics, especially
extended-spectrum cephalosporins and agents with potent activity
against anaerobic bacteria, and high level gastrointestinal
colonization by ampicillin-resistant Enterococcus faecium.3 The
relationship between colonization and subsequent infection is also

established. Along with increasing antimicrobial resistance, the
acquisition of virulence factors and the ability of enterococcus to
form biofilms have also contributed to the rise in nosocomial
prevalence.4

This paper reviews the mechanisms underlying antibiotic
resistance in enterococci, both intrinsic (universally found within
the genome of the species) and acquired (through acquisition of
new genetic material or through sporadic mutations to intrinsic
genes). Interspecies differences will be addressed as they arise
throughout the paper. This paper will additionally provide an
overview of current treatment strategies for enterococcal infec-
tions. Focus will be on Enterococcus faecalis and E. faecium, as
these two species account for the overwhelming majority of
human enterococcal infections (Table 1).

Intrinsic Resistance

β-lactams and cephalosporins. Growth of most bacteria depends
upon enzymatic linkage of pentapeptide precursor molecules into
a peptidoglycan cell wall. The enzymes responsible for these cross-
linking reactions are referred to as penicillin binding proteins
(PBPs) because β-lactams (structural analogs of pentapeptide
precursors) bind covalently and disrupt normal cell wall growth.5

Attachment of β-lactam agents to PBPs results in impaired cell
wall synthesis and, in most cases, programmed cell death via
creation of reactive oxygen species.6 Enterococci express low-
affinity PBPs (PBP5 in E. faecium, PBP4 in E. faecalis) that bind
weakly to β-lactam antibiotics. As a result, minimum inhibitory
concentrations (MICs) for penicillins are typically 2–8 mg/ml for
E. faecalis and 8–16 mg/ml for E. faecium,7 much higher than
MICs for streptococci and related Gram-positive organisms that
do not contain chromosomally-encoded low-affinity PBP genes.8

At the population level, enterococcal MICs have increased over
time.9,10 Galloway-Pena et al.11 demonstrated two distinct clades
of E. faecium. These clades have PBP5 enzymes that vary in
affinity, a result of differences in amino acid sequence and
transcriptional regulation. Overproduction of non-mutated low-
affinity PBPs represents a relatively rare mechanism by which
enterococci express low-level resistance to penicillins.7,12

Early studies by Jawetz et al.13 indicated that enterococci were
not killed by penicillin when exposed to drug concentrations in
the range of the MIC (a phenomenon known as tolerance).
Tolerance in E. faecalis has been attributed to removal of reactive
oxygen species by the enzyme superoxide dismutase.14 In other
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Table 1. Mechanisms of resistance to E. faecium and E. faecalis

Antibiotic
resistance

Mechanism
of resistance

Associated
enzyme

Phenotype Intrinsic,
sporadic or

associated MGE

Host range References

Aminoglycosides

Low cell wall
permeability

- Low-level aminoglycoside resistance,
synergy preserved

Intrinsic E. faecalis 8–10

Ribosome mutation - High-level aminoglycoside resistance
with MIC . 128,000 mg/ml

Sporadic E. faecalis
E. faecium

42

Aminoglycoside-
modifying enzyme

(AME)

Aac(6’)-Ii Low-level tobramycin and kanamycin
resistance

Intrinsic E. faecium 11

AME Aph(3’)-IIIa Low-level kanamycin resistance pJH1 E. faecium 43

AME Ant(4’’)-Ia Low-level resistance to kanamycin,
tobramycin, amikacin and neomycin

plP810 E. faecium 44

AME Aph(2’’)-Ia-Aac(6’)Ie High-level gentamicin resistance Tn5281 E. faecalis
E. faecium

34

AME Aph(2’’)-Ib High-level gentamicin resistance Unknown E. faecium 136

AME Aph(2’’)-Ic High-level gentamicin resistance pYN134 E. faecalis
E. faecium

38

AME Aph(2’’)-Id High-level gentamicin resistance Unknown E. faecium 40

AME Ant(6’)-Ia High-level streptomycin resistance Tn1546, Inc.18,
Tn5382

E. faecalis
E. faecium

37, 137, 138

AME Ant(3’’)-Ia High-level streptomycin resistance pR538–1 E. faecium 37, 41

Ribosome-modifying
methyltransferase

EfmM Tobramycin and kanamycin resistance Intrinsic E. faecium 12

b-lactams and cephalosporins

PBP4/5 production - Low-level penicillin resistance; moderate
to high-level cephalosporin resistance

Intrinsic E. faecalis
E. faecium

3

PBP4/5 point mutation - High-level ampicillin and imipenem
resistance

Sporadic E. faecalis
E. faecium

25–27

Altered cell wall L,D-transpeptidase b-lactam resistance Intrinsic E .faecium 139, 140

Destruction of
b-lactam ring

b-lactamase
on bla genes

b-lactam resistance Tn552 and others E. faecalis
E. faecium

4

Glycopeptides Synthesis of
alternative cell wall

VanA, VanH, VanY,
VanX, VanR, VanS

Resistance to vancomycin +/2
teicoplanin depending on the

phenotype

Tn1546, Inc.18 E. faecalis
E. faecium

47

Lincosamides ABC-efflux pump Lsa Resistance to clindamycin,
streptogrammin A and B

Intrinsic E. faecalis 14

ABC-efflux pump MsrC Low-level resistance to streptogramin B
compounds

Intrinsic E. faecium 16

ABC-efflux pump VgaD Streptogramin A resistance Putative
transposon

E. faecium 83

Acetyltransferase VatD (SatA) Streptogramin A resistance Putative
transposon

E. faecium 77

Acetyltransferase VatH Streptogramin A resistance Putative
transposon

E. faecium 83

Acetyltransferase VgbA Streptogramin B resistance Unknown E. faecium 79

Acetyltransferase VatE (SatG) Streptogramin A resistance Unknown E. faecium 78, 141

Altered ribosome ErmA MLSA phenotype Tn554 E. faecalis
E. faecium

142

Altered ribosome ErmB MLSB phenotype Tn917, Tn1545 E. faecalis
E. faecium

16, 20
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Gram-positive species, downregulation or absence of a two-
component signal transduction VncR/S autolytic system also
contributes to penicillin tolerance,15 but this mechanism has not
been demonstrated in enterococcus. Tolerance may be induced
when penicillin is administered by pulsed-dosing. As such,
penicillin-naive enterococcal strains may appear susceptible in
vitro but develop tolerance after exposure to the drug.16,17

Aminoglycosides. Both E. faecium and E. faecalis are
intrinsically resistant to clinically achievable concentrations of
aminoglycosides. In E. faecalis, MICs vary for the aminoglyco-
sides, with the greatest degree of resistance seen to streptomycin
(MIC up to 500 mg/ml). Intrinsic resistance in E. faecalis is
attributed to an inability of the aminoglycoside to enter the cell
(where they act by inhibiting ribosomal protein synthesis), as
demonstrated in experiments by Moellering and colleagues in the
early 1970s.18,19 When enterococci were exposed to radiolabeled
aminoglycoside with or without penicillin, higher intracellular
aminoglycoside concentrations were achieved in the presence of
the cell wall synthesis inhibitor. The combination of cell wall
active agents and aminoglycosides also resulted in bactericidal
activity (bactericidal synergism). These studies provide physiologic
context to the long-standing observations of improved clinical
outcomes with aminoglycoside-penicillin combination therapy.20

Some enterococci also express chromosomally-encoded
enzymes that increase the MIC of aminoglycosides and prevent
synergism. Ubiquitous among E. faecium, the aminoglycoside 6'
acetyltransferase [AAC(6')-Ii] confers resistance to tobramycin
with MICs as high as 1000 mg/ml and to kanamycin.21

Additionally, an efmM-encoded m5C methyltransferase in
E. faecium confers low-level resistance to dibekacin, tobramycin
and kanamycin.22 EfmM methylates the 16S rRNA resulting in a
sterically-hindered ribosome target site.22

Intrinsic enzyme-mediated high-level resistance to neither
gentamicin nor streptomycin has been described in enterococci.
As such, these drugs retain synergistic activity in enterococci and
have consequently emerged as the drugs of choice to achieve
synergism in severe infections caused by either E. faecium or
E. faecalis.23

Lincosamides and streptogramins. E. faecalis are intrinsically
resistant to clindamycin (a lincosamide), quinupristin (streptogra-
min B class) and dalfopristin (streptogramin A class) through

activity conferred by expression of the lsa gene. lsa is related
structurally to ATP-binding cassette (ABC)-efflux pumps, suggest-
ing drug efflux as a possible mechanism,24 and was found in 180/
180 strains of E. faecalis and 0/189 other enterococcus species,
suggesting the gene is intrinsic to E. faecalis.24 In general, for clinical
resistance to quinupristin-dalfopristin to occur, the bacteria must be
resistant to both streptogramin A and streptogramin B. E. faecium
harbors a different putative ABC-efflux pump encoded by the
intrinsic msrC gene.25 This gene, a close relative of msrA and msrB
in staphylococci, confers low-level resistance (MIC 1–2 mg/ml) to
streptogramin B compounds, explaining the elevated quinupristin-
dalfopristin MICs seen when E. faecium acquires a separate
determinant that confers streptogramin A resistance alone.

Trimethoprim-sulfamethoxazole.Most bacteria lack the ability
to absorb folate from the environment and as such require de
novo folate synthesis in order to produce nucleic acids. The
antibiotic combination trimethoprim-sulfamethoxazole inhibits
two sequential steps in the tetrahydrofolate synthesis pathway,
thereby inhibiting folate synthesis and synergistically killing a
broad spectrum of bacterial species. Enterococci are unusual in
that they can absorb folic acid from the environment, bypassing
the effects of trimethoprim-sulfamethoxazole.26 Therefore, in vitro
testing of enterococcal susceptibility to trimethoprim-sulfa-
methoxazole in a media devoid of folate will yield a susceptible
result.27 Despite this apparent in vitro susceptibility, trimetho-
prim-sulfamethoxazole is ineffective in treating serious entero-
coccus infections.28,29

Acquired Resistance

Acquired resistance in enterococci (that which is not intrinsic to
the species) can occur through sporadic mutations or through
acquisition of foreign genetic material. Horizontal gene exchange
among enterococci occurs through the transfer of pheromone-
sensitive or broad host range plasmids, or through the movement
of transposons. With few exceptions, multiple plasmids and
transposons can be identified in clinical strains. These elements
may interact with each other and with the bacterial chromosome
to form composite mobile elements. For recent reviews of the
plasmids and transposons in enterococci, refer to Palmer30 and
Hagstead,31 respectively.

Table 1. Mechanisms of resistance to E. faecium and E. faecalis (continued)

Antibiotic
resistance

Mechanism
of resistance

Associated
enzyme

Phenotype Intrinsic,
sporadic or

associated MGE

Host range References

Linezolid rRNA point
mutations

G2576T, G2505A,
L4(F101L)

Linezolid resistance Sporadic E. faecalis
E. faecium

89–91

Methylated rRNA Cfr Linezolid, lincosamides,
streptogramin A resistance

pEF-01 E. faecalis
E. faecium

94

Daptomycin Altered membrane-
bound protein

Cardiolipin
sythetase

Contributes to Daptomycin resistance
through an unknown mechanism

Sporadic E. faecalis
E. faecium

104, 105

Altered membrane-
bound protein

GdpD Daptomycin resistance, effect is
amplified in combination liaF mutation

Sporadic E. faecalis
E. faecium

105

Altered membrane-
bound protein

LiaF Daptomycin resistance when combined
with gdpD mutation

Sporadic E. faecalis
E. faecium

105
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Pheromone-responsive plasmids are found predominantly in
E. faecalis. Chromosomally encoded lipoprotein fragments
(“pheromones”) released by recipient cells are sensed by nearby
donor cells and stimulate production of aggregation substance
(Asa1, PrgB and others), encoded by the plasmid.32 Aggregation
substance interacts with enterococcal binding substance (EBS) on
the surface of the recipient cell and stimulates recipient-donor
contact that promotes conjugation.30 These plasmids transmit
genetic information in a highly efficient manner between
E. faecalis strains (1023/donor cell during 4 h of mating), but
are largely restricted to this species. pRUM plasmids in E. faecium
are similar to pheromone-responsive plasmids in E. faecalis in that
they transfer at a high frequency but exhibit a narrow host range.31

In contrast, broad host range plasmids are capable of
transferring genetic information to other gram-positive and even
gram-negative species,30 but at a lower frequency (1027/donor cell
during 4 h of mating) than pheromone-responsive plasmids.
Transfer of these plasmids requires close contact between cells.
Inc.18-type plasmids are well-known broad host range plasmids
that have been implicated in the transfer of vancomycin resistance
determinants to S. aureus in recent years.33

Three types of transposons are responsible for most gene
mobility in enterococci, Tn3 family transposons, composite
transposons, and conjugative transposons.31 The prototypical Tn3
family transposons are Tn917 [conferring macrolide, lincosamide
and streptograminB resistance (MLSB)] and Tn1546 (conferring
glycopeptide resistance), whereas the prototypical conjugative
transposon is Tn916, which confers resistance to minocycline and
tetracycline.34 Composite transposons can readily be formed by
the interaction of related IS elements that are liberally sprinkled
throughout the genome of most clinical enterococcal strains. The
movement of these IS elements not only confers mobility to
resistance genes, but it promotes cointegration of plasmids with
other plasmids and with the bacterial chromosome.

β-lactams. Enterococci may develop increased resistance to
penicillins through acquisition of β-lactamases or PBP4/5
mutations. Plasmid-mediated bla genes (encoding β-lactamases)
were first described in E. faecalis in 1983.35 Since that time,
enterococcal β-lactamase production has been rare and described
predominantly in E. faecalis. The bla genes in enterococcus are
identical to those in S. aureus8 and are often encoded by remnants
of staphylococcal β-lactamase transposon Tn552.

High-level penicillin resistance in E. faecium is most commonly
associated with accumulation of point mutations in the penicillin
binding region of PBP5.5 A variety of point mutations have been
described in both E. faecium36,37 and E. faecalis.38 Although these
point mutations likely originated de novo in individual bacteria
under selective pressure from antibiotics, chromosome-to-chro-
mosome transfer of low affinity pbp5 genes has been documented
in vitro and likely contributes to the dissemination of high-level
penicillin resistance in E. faecium.39

Ceftaroline and ceftobiprole, fifth generation cephalosporins,
have activity against enterococcus, but may be prone to emergence
of resistance with increased clinical use. Clark et al.40 subjected
E. faecalis to serial passages of ceftaroline and identified two
resistant isolates (one with an MIC of 8 mg/ml and the other with

an MIC of 32 mg/ml). Ceftobiprole shows good in vitro activity
against E. faecalis with no reports of resistance to date,41,42 but is
ineffective against penicillin-resistant clinical strains of E.
faecium.43,44

Aminoglycosides. While intrinsic mechanisms result in low-
level aminoglycoside resistance, acquisition of mobile genetic
elements typically underlies high-level aminoglycoside resistance
in both E. faecium and E. faecalis. Ensuing MICs range from
2,000 mg/ml to as high as 128,000 mg/ml.1 Among the genes that
encode high-level resistance, the most concerning are those that
result in gentamicin and streptomycin resistance because these
antibiotics are used for synergistic therapy of serious enterococcal
infections.

High-level gentamicin resistance most frequently occurs through
acquisition of a bifunctional gene encoding APH(2'')-Ia-AAC(6')-
Ie.45 These enzymes inactivate gentamicin (and structurally related
aminoglycosides) by phosphorylation at the 2'hydroxy position of
gentamicin and simultaneous acetylation of the 6'hydroxy position
of the other aminoglycosides.46,47 The modified antibiotic is no
longer capable of binding to its target on the 30S ribosomal subunit
and thereby loses antibacterial activity. Strains that contain aph(2'')-
Ia-aac(6')-Ie are clinically resistant to all aminoglycosides except for
streptomycin.48 The aph(2'')-Ia-aac(6')-Ie gene is most commonly
flanked by IS256 in a composite transposon designated Tn4001 in
S. aureus and Tn5281 in E. faecalis.

Several other genes have been identified that confer gentamicin
resistance, including aph(2'')-Ic, aph(2'')-Id and aph(2'')-Ib.49–51 In
comparison with aph(2'')-Ia-aac(6')-1e, these genes are minor
contributors to gentamicin resistance in enterococci. Their
prevalence varies by geographical region. Importantly, MICs for
enterococci harboring aph(2'')-Ic may be as low as 256 mg/ml, an
MIC which would be interpreted as gentamicin-susceptible by
labs that use an MIC of 500 mg/ml as a cut-off to determine high-
level gentamicin resistance. Despite the lower MIC, bacteria
expressing these enzymes are resistant to the synergistic activity of
cell wall active agents and gentamicin.48 Thus, in geographical
area where aph(2'')-Ic is present, laboratories should be alerted to
lower the threshold MIC for gentamicin to enhance detection of
enterococci that would be resistant to synergy.

High-level resistance to streptomycin occurs most commonly
through enzymatic modification of the antibiotic or by single
point mutations to the ribosome. Two well-described adenylyl-
transferases, Ant(6')-Ia and Ant(3'')-Ia, are capable of inactivating
streptomycin (and structurally related aminoglycosides).48,52

Enterococci can also develop ribosomal mutations that result in
streptomycin resistance. Whereas resistance caused by aminogly-
coside-modifying enzymes (AME) will typically have MICs in the
4,000 to 16,000 mg/ml range, ribosomal mutations result in
MICs of 128,000 mg/ml.53

Other acquired AMEs have been identified in enterococci,
including Aph(3')-IIIa, an aminoglycoside phosphotransferase
that confers resistance to kanamycin54 and Ant(4'')-Ia, a
nucleotidyltransferase that confers resistance to tobramycin,
amikacin, neomycin and kanamycin.55 As these enzymes do not
confer gentamicin or streptomycin resistance, they are of less
clinical significance.
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Glycopeptides. The acquisition of glycopeptide resistance by
enterococci has been an epidemiological and antimicrobial
dilemma for the past 25 years. First described in 1988,
glycopeptide-resistant enterococci (GRE) have since emerged as
a major cause of nosocomial infections. The majority of GRE
infections are attributed to E. faecium, although glycopeptide
resistance occurs in E. faecalis and other enterococcus species as
well. Currently in the United States, an estimated 30% of clinical
enterococcus isolates are resistant to glycopeptides.56

Vancomycin acts by binding to the D-ala-D-ala terminus of the
pentapeptide precursor, thereby inhibiting cell wall synthesis.
Glycopeptide-resistant organisms modify these pentapeptide
precursors, replacing the terminal D-ala with D-lac or D-ser.
These modified cell wall precursors bind glycopeptides with
1,000-fold lower affinity than do normal precursors. To create the
modified precursors at least seven enzymes are required. Using the
VanA cassette as a model, these enzymes are VanA, H, X, Y, Z, R
and S (Fig. 1). Initially, cellular pyruvate is converted to d-lactate
by the VanH dehydrogenase. The VanA ligase then ligates D-ala

to D-lac. Host enzymes ligate D-ala-D-lac to the tripeptide
precursor, yielding the low affinity pentapeptide precursor. Full
resistance to glycopeptides, however, requires not only construc-
tion of the altered precursor, but also elimination of normal
precursors.33,57,58 VanX hydrolyzes D-ala-D-ala to its constituent
amino acids, which allows D-ala-D-lac to be the sole substrate for
cell wall synthesis.59 VanY hydrolyzes the terminal D-ala from any
normal pentapeptide precursor, rendering it useless for normal cell
wall construction.60 The mechanism by which VanZ augments
resistance is unknown, but when present it confers decreased
susceptibility to teicoplanin.61 Additional open reading frames
VanW and VanV have been described on the VanB operon; their
functions also are not yet known.62

Expression of the genes for VanA, H, X, Y and Z are all
regulated by VanR and VanS, a two-component sensor-transducer
system that is part of the VanA operon within Tn1546. While the
specific regulatory factors are not known, the presence of
glycopeptides in the environment results in activation of VanS
through autophosphorylation. Activated VanS then phosphorylates

Figure 1. An illustration of the VanA resistance mechanism as it relates to normal cell wall synthesis. The top pathway denotes normal cell wall synthesis,
and the mechanisms by which VanX and VanY disrupt this pathway. The shaded pathway denotes construction of a modified cell wall that is resistant to
vancomycin. Adapted from Gold et al.58
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VanR. Phosphorylated VanR increases VanH, A, X, Y and Z
transcription through interaction with specific promoter regions.
VanR also interacts with its own promoter region, augmenting
VanR and VanS transcription.63 Clinical strains that harbor the
VanA operon but contain deletions in VanR and VanS genes have
been isolated and are susceptible to both vancomycin and
teicoplanin. This suggests that VanR activity is required for the
full expression of the VanA operon.64,65

VanA and VanB operons are by far the most prevalent in
human GRE infections. In the VanA phenotype, the enterococcus
is resistant to both vancomycin and teicoplanin. In the VanB
phenotype, vancomycin but not teicoplanin induces resistance
resulting in a vancomycin resistant, teicoplanin-susceptible
phenotype; however, constitutive expression (which may be
selected by teicoplanin exposure) results in resistance to both
compounds. VanC resistance is intrinsic to E. gallinarum and
E. casseliflavus. A total of nine resistance operons have been
described. They may be grouped by their ligase activity. Operons
that encode D-lac ligases result in high-level resistance with MICs
. 256 mg/ml (VanA, VanB, VanD and VanM) while operons
that encode D-ser ligases result in low-level resistance with MICs
8–16 mg/ml (VanC, VanE, VanG, VanL and VanN).31,66–69 Of
the low-level resistance phenotypes, only VanN has been shown
to be transferable.

Horizontal transfer of the Van genes occurs through a variety of
mechanisms. VanA is mobilized on Tn3-family transposon
Tn1546. Tn1546 is found on both non-conjugative and
conjugative plasmids. Inc.18 plasmids are broad host range
plasmids that have been implicated in the transfer of the VanA
operon to methicillin-resistant S. aureus.33 Vancomycin-resistant
S. aureus (VRSA) has been found in clinical settings in a handful
of cases. Werner et al.70 demonstrated in vitro that interspecies
transfer of Tn1546 is relatively uncommon compared with
intraspecies transfer. It appears that while broad host-range
plasmids can transfer between species, their stability within
different species varies. As such, broad host range plasmids
containing an intact copy of Tn1546 may transfer resistance to
staphylococci more stably, since the transposon can transfer to
replicons within the staphylococcal strain that are stable.
Staphylococcal variants that have acquired broad host range
plasmids with Tn1546 variants that have lost their ability to
transfer through deletion of or insertion into the transposition
genes will exhibit an unstable phenotype due to the instability of
the plasmid in the staphylococcal milieu.71 Additionally, in vitro
studies demonstrating transfer of Tn1546 from enterococcus to
S. aureus have occurred in E. faecalis.72,73 Sequence homology has
been observed between plasmids found in VRSA isolates and
GRE isolates taken from VRSA infected patients, with the most
overlap occurring with E. faecalis isolates.74 Compared with
E. faecium, VanA-containing E. faecalis are relatively uncommon
in the clinical setting. If E. faecalis is a more effective (but less
common) donor than E. faecium, then this may help to explain
why VanA in staphylococci is rare. VanB is most often carried on
a carried on Tn5382/1549 or related conjugative transposons.
VanB carrying transposons have been identified in pheromone-
sensitive and conjugative plasmids.30,31

The complex enzymatic pathways that confer glycopeptide
resistance predate the emergence of GRE in the late 1980s.
E. gallinarum and E. casseliflavus exhibit innate low-level resistance
through a chromosomally-encoded VanC operon75 and have been
implicated as a source of the genes seen in other Van
phenotypes.76,77 Additionally, a number of soil and bowel
organisms have been identified as harboring VanB genes and
may have played a role in the transfer of glycopeptide-resistance
genes to E. faecium.78-82 Enterococci are increasingly recognized as
belonging to two distinct clades, one that predominates in the
hospital environment and another within the community. These
clades differ genetically, and may have diverged between 300,000
to a million years ago.83 The nosocomial clade has acquired
virulence and resistance determinants that confer a selective
advantage in this setting. Acquisition of the VanA cassette in the
late 1980s likely conferred further advantage that contributed to
the observed increase in prevalence of infections due to E. faecium.

Streptogramins. The streptogramin B/A combination quinu-
pristin-dalfopristin is one of two antibiotics approved by the FDA
for treatment of infections caused by vancomycin-resistant
E. faecium. Because E. faecalis are intrinsically resistance to
streptogramins, the majority of genes that confer horizontally-
transferable resistance have been isolated from E. faecium.
Between 1 to 12% of E. faecium isolates are resistant to
streptogramins.84,85 There are three mechanisms by which
acquired genetic elements cause streptogramin resistance: acetyla-
tion of the antibiotic, efflux of the antibiotic, and dimethylation
of the 23S rRNA target site. To date, 12 genes that cause
streptogramin resistance have been described in enterococci,
although additional genes have been described in staphylococci
and streptococci.

The widespread use of virginamycin, a veterinary streptogramin
A compound, was associated with extensive resistance among
enterococci isolated from farm animals and agricultural sewage.
Consequently, quinupristin-dalfopristin resistance is most com-
mon in environmental samples, although the prevalence in
nosocomial infections with resistance is increasing.84 Enzymatic
acetylation of streptogramin A compounds was the first resistance
mechanism described in the class. Virginamycin acetyltransferase
genes vatD, vatE and vatH are among the streptogramin resistance
genes with probable veterinary origins. vatD and vatE (formerly
called satG) have been isolated from plasmids alongside erm and
vgbA genes (described below) that reduce susceptibility to
streptogramin B—thus providing full resistance to quinupristin-
dalfopristin.86–89 One plasmid has been identified with both vatD
and the VanA operon,90 resulting in resistance to both
vancomycin and quinupristin (but not dalfopristin) when
expressed in recipient cells in vitro. VatH may be seen in
conjunction with another streptogramin acetyltransferase, VgbA,
the only known acetyltransferase with activity against strepto-
gramin B in enterococci.88 All of the above acetyltransferase genes
have been isolated exclusively from E. faecium, with the exception
of vatE which has been isolated from E. faecium and from
E. faecalis in a veterinary setting.91

The ABC-efflux channel VgaD also plays a role in acquired
streptogramin resistance, independent of the intrinsic ABC-efflux
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channels encoded by lsa genes in E. faecalis and msrC gene in
E. faecium (described above). VgaD has been described only in
E. faecium. vgaD was found on a plasmid with vatH, both of
which confer only streptogramin A resistance.92 To date, no other
acquired streptogramin efflux pumps have been described.

Perhaps the best understood mechanism of streptogramin
resistance is dimethylation of the 23S rRNA.25 This resistance
mechanism, which confers the MLSA or MLSB phenotype occurs
through acquisition of either the ermA or ermB genes on broad
host range plasmids such as pAMβ1. If these plasmids also contain
vatE or vatD genes, then they confer resistance to quinupristin-
dalfopristin when acquired by a recipient cell.

Linezolid. Prior to FDA approval in 2000, reports of linezolid
resistance in enterococci existed but were rare. The emergence of
linezolid resistance occurred slowly and only in sporadic cases
associated with prolonged exposure.93 The industry-sponsored
LEADER trial has monitored linezolid efficacy from 2004 to
2009 and has found yearly resistance rates between 0.49 and
1.83%.56 In contrast, Pogue et al.94 found linezolid resistance in
20% of GRE samples from the University of Pittsburgh Medical
Center. Only 25% of isolates in their study were associated with
prior linezolid exposure, suggesting clonal spread.

Linezolid is a first-in-class oxazolidinone, an entirely synthetic
class of antibiotics that binds to the initiation complex and
inhibits protein synthesis. Most bacteria, including the enter-
ococci, have multiple copies of the genes encoding 23S rRNA.
E. faecalis have four copies of the gene95 and E. faecium six
copies.96 In theory, the presence of multiple gene copies makes
resistance from sporadic mutations less likely because the
unaffected gene copies would mask the effect of the mutated
gene. However, recombination between susceptible and resistant
copies (referred to as “gene conversion”) will yield strains with
multiple mutated copies under persistent linezolid selective
pressure. In clinical isolates, a mutation in one E. faecium
rRNA gene conferred an MIC of 8–16 mg/ml. The same mutation
in . 3 rRNA genes conferred an MIC between 64–128 mg/ml.96

A variety of point mutations that confer linezolid resistance have
been identified, the most common of which is G2576T. In the
most recent LEADER study results (2009), the G2576T
mutation was identified in all eight of the linezolid-resistant
enterococci strains isolated in the United States. Four of the eight
strains found in this study were isolated in Louisville, KY and
appeared clonally related.56,97 Other sporadic point mutations
have been associated with linezolid resistance, including G2505A
and L4 (F101L).98-100

In 2006, the transferable cfr gene was identified in S. aureus as
the source of resistance to linezolid, lincosamides and strepto-
gramin A compounds, among others.101 Cfr encodes an rRNA
methyltransferase that modifies an adenosine in the linezolid-
binding region on the 23S rRNA, preventing antibiotic binding.
It is hypothesized that the cfr gene emerged from animal strains of
bacteria that were exposed to natural compounds with an rRNA
binding site similar to linezolid.101,102 In 2011, cfr was identified
in an E. faecalis strain (designated EF-01) from a cattle farm in
China.103 In this strain, the gene was located on a plasmid
(pEF-01) and flanked by IS1216, suggesting transposability. This

was the first enterococcus harboring cfr to be reported in the
literature, although human isolates of E. faecalis and E. faecium
with cfr were reported in a 2010 abstract.103 Overall, linezolid
resistance remains rare in enterococci.

Daptomycin. Daptomycin is a lipoprotein with bactericidal
activity against enterococci. While not FDA approved for
treatment of GRE, it is often used by clinicians for this
purpose.104-106 The epidemiology of daptomycin resistance in
enterococcus (defined as MIC . 4 mg/ml) was recently reviewed
by Kelesidis et al.107 Rates of daptomycin resistance in this study
were approximately 0.6% (111 daptomycin resistant isolates/
17,084 enterococcus isolates total). In general, E. faecium is more
likely than E. faecalis to express daptomycin resistance, although
resistance has been reported in both species. The increased
prevalence of daptomyicin resistance in E. faecium may reflect
increased use of daptomycin with this species compared with
E. faecalis, which is usually susceptible to penicillins. Daptomycin
resistance appears to be less common in North America than in
Asia or Europe.107

Daptomycin incorporates itself into the cell membrane of
Gram-positive organisms in the presence of physiologic calcium
concentrations and promotes leakage of intracellular potassium
into the extracellular space, resulting in cell death by destruction
of the transcellular potassium gradient.108-110 Normal cell
membrane polarity is required for daptomycin intercalation. In
staphylococci, alteration of the cell membrane charge by virtue of
modification of cell membrane lipoproteins has been associated
with reduced daptomycin susceptibility.111 A number of genes
have been described in staphylococci that contribute to
daptomycin resistance,112 none of which have been identified in
enterococcus to date. While the mechanism of daptomycin
resistance in enterococcus remains unresolved, several reports have
elucidated gene mutations associated with enterococcus dapto-
mycin resistance.113,114

Palmer et al.113 created three daptomycin-resistant strains by
exposing E. faecalis to increasing daptomycin concentrations until
stable resistance was identified. They then performed complete
genome sequencing of the strains before and after emergence of
daptomycin resistance and identified seven gene mutations. Of
the seven mutations observed in this study, only EF1797 and
EF0631 gene mutations were identified in all three resistant
strains. EF1797 encodes a putative membrane protein that may
be involved in phosphatidylserine and sphingolipid synthesis, but
its function has yet to be determined. EF0631 encodes a putative
cardiolipin sythetase (cls), a transphosphatidylase involved in the
synthesis of the cell membrane protein cardiolipin. One specific
mutation in this gene, R218Q, was found in two of the resistant
strains and occurs in the presumed active domain of the EF0631
enzyme. Through comparison with a DNA sequence database,
the authors identified one other E. faecalis strain with an EF0631
frameshift mutation, but this isolate had a daptomycin-susceptible
phenotype.

In a similar study, Arias et al.114 compared the nucleotide
sequence and cell membrane proteins of E. faecalis isolates before
and after the development of daptomycin resistance in a patient
with enterococcus bacteremia. Genome sequencing of the
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resistant strain revealed three mutated genes: cls, gdpD and liaF. A
cardiolipin synthetase mutation was identified but when the
mutant gene was placed in daptomycin-sensitive enterococcus
strain the MIC did not change. The same cls mutation was
observed in other E. faecalis and E. faecium strains resistant to
daptomycin. The other two gene mutations, gdpD (glyceropho-
sphoryl diester phosphodiesterase) and liaF (lipid II cycle-
interfering antibiotic protein), did have an impact on MICs
when reconstituted in the daptomycin-susceptible strain. The liaF
mutation increased the MIC from 1 to 4 mg/ml. The gdpD
mutation did not increase the MIC, but the combination of both
proteins increased the MIC to 12 mg/ml. Mutations in both gdpD
and liaF were also identified in other resistant strains of E. faecalis
and E. faecium, but were not demonstrated in the Palmer study.
Thus, cardiolipin synthetase, GdpD and LiaF are cell membrane
proteins associated with daptomycin resistance. Given that a
number of different membrane-associated proteins have been
linked to reduced daptomycin susceptibility in staphylococci, it
seems likely that more genes conferring enterococcal resistance to
daptomycin will be identified in the future.

Tigecycline. Tigecycline, a novel glycylcycline antibiotic, gained
FDA approval in 2005 for complicated intra-abdominal infections,
skin and soft tissue infections, and community-acquired pneu-
monia. It has been used off-label to successfully treat MRSA and
GRE infections.115 Typical tigecyclineMICs for enterococcus range
from 0.125 mg/ml to 0.25 mg/ml, while MICs . 0.5 mg/ml are
considered resistant. Early surveillance studies of tigecycline showed
no cases of resistant enterococcus,116 although two case reports of E.
faecalis strains with MICs of 2 mg/ml and 6 mg/ml, respectively,
have been described.117,118 A more recent study from Taiwan
reviewed antimicrobial resistance among 219 VRE isolates and
found two isolates with a tigecycline MIC of 0.5, and one isolate
with an MIC of 1, with a trend toward increasing tigecycline MIC
over time.119 The mechanism of tigecycline resistance in
enterococcus is unknown. In staphylococcus, tigecycline resistance
is mediated by a novel family of efflux pumps,120 but these genes
have not been demonstrated in enterococcus.

Other antibiotics. Resistance occurs to other antibiotics
including macrolides, tetracyclines, chloramphenicol, fosfomycin,
rifampin and quinolones. These resistance mechanisms will not be
described in this review, as resistance to these antimicrobial agents
is so common that they are seldom involved in treatment of
enterococcus infections.

Management

Because of the differences in resistance patterns between
E. faecium and E. faecalis, it is imperative to differentiate the
pathogen to the species level and perform susceptibility testing on
strains isolated from patients with clinical infections. Treatment of
enterococcal infections depends upon (1) the species, (2) the
resistance patterns present in the clinical isolate and (3) the
location and severity of the infection. Uncomplicated enterococcal
infections may be adequately treated with monotherapy, whereas
severe infections such as endocarditis benefit from a synergistic
regimen.

In uncomplicated, fully susceptible E. faecalis and E. faecium
infections, ampicillin remains the preferred therapy. In the
uncommon presence of β-lactamase, combination with a
β-lactamase inhibitor such as sulbactam may improve outcomes.
When complicated infections such as endocarditis occur in
susceptible enterococcal infections, an aminoglycoside should be
added to a cell wall active agent for synergistic killing, as has been
the standard for almost 60 years.20 Among aminoglycosides, only
gentamicin and streptomycin should be considered for synergistic
therapy. Historically, twice-daily or three times daily aminoglyco-
side dosing regimens have been used. In streptococcus infections,
once-daily aminoglycoside dosing was shown to be effective in
humans.121 For enterococcal endocarditis, though, once-daily
aminoglycoside dosing has only been studied in animal models
with evidence for122–124 and against125,126 its use. Differences
between these studies likely reflect the pharmacodynamic and
pharmacokinetic differences between the animal models. In
humans, the efficacy of once-daily aminoglycoside dosing has
not been established for enterococcus infections. As such,
guidelines continue to recommend three times daily dosing for
gentamicin and twice-daily dosing for streptomycin.127 In the
presence of high-level penicillin resistance, synergy has been
observed in animal models with the combination of aminoglyco-
sides and other cell wall active antibiotics including vancomycin
or daptomycin.128

In the instance of complicated enterococcal infections resistant
to high-levels of gentamicin and streptomycin, an alternative
agent must be used for synergistic activity. Despite relative
resistance to both agents, the combination of ceftriaxone and
ampicillin has been shown to be efficacious in animals.129 In case
reports and prospective case-series, 56 patients have been treated
with this combination with success rate of 71.4% (40/56);130-132

although these numbers may reflect publication bias. The
presumed benefit of ceftriaxone-ampicillin combination therapy
is attributed to full saturation of PBPs 2–4, which cannot be
achieved with either agent alone. By inhibiting all PBPs, the
bacteria have no alternative enzyme with which to build a cell
wall. In in vitro and animal model studies, similar synergistic
bactericidal activity has been shown with other cell wall active
combination therapies, including ceftriaxone-fosfomycin133 and
ampicillin-imipenem,134 but not with ampicillin-ertapenem.135

Treatment of glycopeptide-resistant enterococcus. Vancomycin-
resistant enterococci pose particular problems for treatment because
the strains which harbor VanA and VanB resistance are also typically
resistant to other classes of antibiotics. While only linezolid and
quinupristin-dalfopristin have FDA approval for treatment of GRE
infections, other antimicrobial agents including daptomycin,
tigecycline, fosfomycin, quinolones, tetracyclines and new fifth
generation cephalosporins exhibit in vitro activity and have been
used with success in individual cases. In uncomplicated cases,
monotherapy based upon the antibiotic susceptibility profile is
appropriate. In complicated cases such as endocarditis, the ideal
therapy for GRE has not been determined.

Both linezolid and quinupristin-dalfopristin have been shown
to be efficacious in treatment of complicated GRE infections and
are FDA approved for this indication.56,136 Linezolid has been
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used for GRE endocarditis in both E. faecalis and E. faecium, both
with and without additional agents. To date, it has not been
shown that combination therapy is more efficacious than
monotherapy in this setting. Because linezolid is not bactericidal,
treatment of GRE endocarditis with linezolid remains controver-
sial.23 Quinupristin-dalfopristin can be efficacious against
E. faecium, but should not be used to treat E. faecalis due to
the intrinsic presence of lsa-mediated resistance (described above).
When using quinupristin-dalfopristin for treatment of severe or
complicated GRE infections, combination therapy may be
necessary although the optimal choice and dose of adjunct
antibiotic has yet to be determined. Several studies have compared
linezolid to quinupristin-dalfopristin. In a small, single-center
study, Chong et al.137 found increased resistance and increased
number of days of bacteremia in patients treated with
quinupristin-dalfopristin. Several other studies also reported more
resistance to quinupristin-dalfopristin than linezolid,56,138 suggest-
ing that of the two linezolid may be superior for GRE treatment.

Use of daptomycin for GRE infections, particularly endocard-
itis, is appealing because of its bactericidal activity against
enterococci.104 While monotherapy may be adequate in many
GRE infections, daptomycin failure has been reported.106,139 Arias
et al.139 reported subsequent response to the combination of
daptomycin/gentamicin/ampicillin after failing daptomycin
monotherapy, which may be explained by a synergistic effect of
the triple therapy. Daptomycin synergy has been described in
vitro with ampicillin, cephalosporins, imipenem, rifampin and
gentamicin.140-143 As with quinupristin-dalfopristin, there may be
a role for adjunct antibiotics to achieve a synergistic effect,
although appropriate agents and dosing regimens have not been
adequately evaluated in humans.

Tigecycline has also been used off-label for treatment of GRE.
Cai et al.115 performed a meta-analysis of randomized trials to
evaluate the use of tigecycline for GRE infections. While efficacy
of treatment was no different for tigecycline monotherapy than

other empirical regimens, there were significantly more adverse
events and a non-significant trend toward higher mortality. As
such, tigecycline monotherapy should not be considered as first
line for treatment of GRE infections. Tigecycline demonstrates in
vitro synergism with a number of other agents, including rifampin
and daptomycin, although these combinations have not been
evaluated beyond small case series in humans.144

Future Directions

Over the years enterococci have demonstrated the potential to
harbor and transfer resistance genes and as such have become an
important clinical pathogen. A better understanding of resistance
mechanisms to daptomycin and tigecycline is needed and will aid
in the prediction and prevention of epidemiologic spread. Several
new drugs are emerging as potential options for GRE treatment.
Ceftaroline has been shown to be more efficacious than linezolid
in animals and may play a larger role in the future.145

Additionally, arbekacin, which is not currently available in the
United States, has demonstrated synergistic killing in combina-
tion with penicillins even in the presence of high-level gentamicin
and streptomycin resistance.146 A number of antibiotic combina-
tions, including those mentioned in the management section,
have shown in vitro synergistic activity and are promising as
potential treatment modalities for complicated GRE infections,
but must first be evaluated more rigorously in humans. The novel
glycopeptide oritavancin is currently under investigation and
shows promise in treating GRE infections. In addition, non-
antimicrobial pharmacotherapy targeted at specific virulence
factors (such as anti-adhesions) may play a preventative or
therapeutic role in the management of enterococcal infections.
Future directions of research must focus on development of new
antimicrobial agents. Finally, efforts must continue to prevent
development of antibiotic resistance and spread in the enterococci
through infection control and antibiotic stewardship programs.
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Systematic Review and Meta-Analysis of Linezolid and Daptomycin
for Treatment of Vancomycin-Resistant Enterococcal Bloodstream
Infections

Donald W. Whang,a Loren G. Miller,a Neil M. Partain,c James A. McKinnella,b,d

Infectious Disease Clinical Outcomes Research Unit, Los Angeles Biomedical Research Institute, Harbor-UCLA Medical Center, Torrance, California, USAa; UCLA Jonathan
and Karin Fielding School of Public Health, Westwood, California, USAb; Saint Mary Medical Center, Long Beach, California, USAc; Torrance Memorial Medical Center,
Torrance, California, USAd

Bloodstream infections due to vancomycin-resistant enterococci (VRE-BSI) result in substantial patient mortality and cost. Dap-
tomycin and linezolid are commonly prescribed for VRE-BSI, but there are no clinical trials to determine optimal antibiotic se-
lection. We conducted a systematic review for investigations that compared daptomycin and linezolid for VRE-BSI. We searched
Medline from 1966 through 2012 for comparisons of linezolid and daptomycin for VRE-BSI. We included searches of EMBASE,
clinicaltrials.gov, and national meetings. Data were extracted using a standardized instrument. Pooled odds ratios (OR) and 95%
confidence intervals (95% CI) were calculated using a fixed-effects model. Our search yielded 4,243 publications, of which 482
contained data on VRE treatment. Most studies (452/482) did not present data on BSI or did not provide information on lin-
ezolid or daptomycin. Among the remaining 30 studies, 9 offered comparative data between the two agents. None were random-
ized clinical trials. There was no difference in microbiologic (n � 5 studies, 517 patients; OR, 1.0; 95% CI, 0.4 to 1.7; P � 0.95)
and clinical (n � 3 studies, 357 patients; OR, 1.2; 95% CI, 0.7 to 2.0; P � 0.7) cures between the two antibiotics. There was a trend
toward increased survival with linezolid compared to daptomycin treatment (n � 9 studies, 1,074 patients; OR, 1.3; 95% CI, 1.1
to 1.8; I2 � 0 [where I2 is a measure of inconsistency]), but this did not reach statistical significance (P � 0.054). There are limited
data to inform clinicians on optimal antibiotic selection for VRE-BSI. Available studies are limited by small sample size, lack of
patient-level data, and inconsistent outcome definitions. Additional research, including randomized clinical trials, is needed
before conclusions can be drawn about treatment options for VRE therapy.

Bloodstream infections due to vancomycin-resistant entero-
coccal species (VRE-BSI) are a rapidly growing problem in

hospitals, with life-threatening consequences for patients (1–5).
Despite infection prevention and control efforts, U.S. hospitaliza-
tions associated with VRE doubled between 2000 and 2006 and
appear to be further increasing (1–6). National surveys of U.S.
intensive care units (ICUs) indicate that VRE represented �1% of
enterococcal isolates in 1990, but more recent data suggest that
they now exceed 30% (1–4).

VRE-BSI primarily affect the most vulnerable patient popula-
tions, including postsurgical and trauma patients, complex inter-
nal medicine patients, and those who have undergone organ
transplantation, especially liver transplantation (7–12). VRE-BSI
are associated with significant mortality in cohorts of hematopoi-
etic stem cell transplant recipients, liver transplant patients, on-
cology patients, and other inpatient populations (11–19). Impor-
tantly, effective antibiotic therapy and shorter duration of
bacteremia are associated with lower mortality in patients with
VRE-BSI (11, 19–22).

Newer antimicrobial agents with activity against VRE (dap-
tomycin, linezolid, quinupristin-dalfopristin, and tigecycline)
provide much-needed therapeutic options for VRE-BSI, but
there are limited data to inform clinicians as to which among
these drugs are most effective for VRE-BSI. Two phase III clin-
ical trials for VRE-BSI were started but were subsequently
aborted due to enrollment difficulties (23, 24). To our knowl-
edge, there are no further plans to initiate phase II or phase III
clinical trials for VRE-BSI.

Among currently available agents with activity against VRE,

daptomycin and linezolid have been used most frequently for
VRE-BSI treatment (22, 25–30). Daptomycin is a cyclic lipopep-
tide with a broad spectrum of activity against Gram-positive or-
ganisms, including VRE (31, 32). Higher doses of daptomycin
(�8 mg/kg) are thought to improve clinical outcomes from VRE-
BSI (33, 34). Linezolid is an oxazolidinone that inhibits bacterial
protein synthesis by inhibiting ribosomal complex formation. Its
spectrum of activity against Gram-positive organisms includes
most isolates of VRE (35). However, marrow toxicity and periph-
eral neuropathy from prolonged linezolid use are considered im-
portant limitations, particularly in bone marrow transplant pa-
tients with VRE-BSI (26, 36). One observational investigation
suggested that linezolid was associated with a survival advantage
for VRE-BSI (37); however, there have been no attempts to sys-
tematically review the literature on VRE-BSI outcomes focusing
on antimicrobial therapy. We therefore conducted a systematic
review and meta-analysis to quantify differences in clinical out-
comes from VRE-BSI treated with daptomycin or linezolid.
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MATERIALS AND METHODS
Search strategy and study selection. We performed a literature search of
Medline from 1966 to December 2012 and of EMBASE from 1980 to
December 2012 to find published manuscripts evaluating linezolid and
daptomycin for treatment of VRE-BSI in patients. We limited studies to
those in English and using human subjects and searched for the following
terms: “vancomycin-resistant,” “enterococcus,” “faecalis,” “faecium,” and
“VRE.” In addition, we examined the references of all identified articles to
look for additional relevant articles. We reviewed the abstracts from the
annual meetings of the Infectious Disease Society of America (IDSA), the
Interscience Conference on Antimicrobial Agents and Chemotherapy
(ICAAC), and the European Congress of Clinical Microbiology and In-
fectious Diseases (ECCMID) from 1986 to 2012.

Abstracts from each reference from our electronic search were inde-
pendently reviewed for relevance by two physician investigators (D. W.
Whang and J. A. McKinnell). Studies were selected for full review if they
reported primary data from patients with VRE-BSI treated with either
linezolid or daptomycin. Studies that did not separate data on outcomes
between vancomycin-sensitive and vancomycin-resistant enterococcal
infections were excluded. Studies that reported only on treatment experi-
ence with a single agent, providing no comparative data, were not in-
cluded. In the final analysis, only retrospective cohort investigations com-
paring patients treated with linezolid against those treated with
daptomycin were included. There were no exclusions for different types of
patients. The intervention of interest was antibiotic selection. The com-
parison groups were linezolid- and daptomycin-treated patients. The out-
come of interest was mortality, as defined by the study investigators. The
MOOSE criteria were used to evaluate study quality (38).

Data extraction, data analysis, and statistical methods. Each manu-
script underwent independent, blinded, double-data extraction by two
reviewers (D. W. Whang and N. M. Partain) using a standardized instru-
ment. Discrepancies in data extraction underwent arbitration by a third
reviewer (J. A. McKinnell), and consensus was obtained by oral discus-
sion. Data collected from each study included year of study, number of
patients, definition of infection, dose of daptomycin and linezolid used,
microbiologic cure, clinical cure, and mortality. Infections, mortality, mi-
crobiologic cure rates, and clinical cure rates were defined according to
descriptions provided by each study.

Additional data were collected about the patient cohorts when pres-
ent, including gender, ethnicity, age, ICU versus ward-level care, comor-
bid conditions, source of bacteremia, vasopressor use, malignancy, organ
or stem cell transplant, immunosuppression, concomitant bacteremia,
and infectious disease consultation. All-cause mortality, microbiologic
cure rates, and clinical cure rates were the primary outcome measures
used in this meta-analysis.

Odds ratios (OR) for mortality were calculated for each study. Mantel-
Haenszel statistical methods were used to calculate the pooled odds ratios,
95% confidence intervals (CI), and the associated P values of each risk
factor using a fixed-effects model. We analyzed heterogeneity in publica-
tion using the I2 measure of inconsistency. We utilized a DerSimonian and
Laird random-effects model to generate confidence intervals. Studies
were not additionally weighted by study quality. We present a forest plot
of data from each individual study (39, 40).

RESULTS

Our search yielded 4,243 publications, of which 482 contained
data on treatment of VRE (Fig. 1). The majority of investigations
(n � 452) did not have data on BSI as a site of infection. Among
the 30 studies containing data on outcomes of VRE-BSI treated
with linezolid or daptomycin, nine investigations provided com-
parative data on linezolid and daptomycin and were included in
the final analysis (22, 26–30, 37, 41, 42). Eight of the studies were
based in the United States, and one study was based in Taiwan.

The nine investigations that were included in our final analysis

reported on 1,074 patients treated for VRE-BSI. The investiga-
tions included in our analysis differed in their cohorts and how
they defined VRE-BSI (Table 1). Three investigations required at
least two positive cultures for VRE to define a case of VRE-BSI (28,
30). The remaining investigations required only one positive
bloodstream culture, with two studies additionally using criteria
of the Centers for Disease Control and Prevention for BSI (26, 27).
Studies also differed in their definition of mortality. Three inves-
tigations used 30-day all-cause mortality, one investigation re-
ported 14-day mortality, two investigations used inpatient all-
cause mortality, two investigations used all-cause mortality at end
of therapy, and one manuscript used all-cause mortality 7 days
after end of therapy. Linezolid was uniformly given at a dose of 600
mg every 12 h; daptomycin was usually given at 6 mg/kg, but doses
ranged from 3.4 mg/kg to 10.4 mg/kg (Table 1).

Comparisons of microbiologic cure, clinical cure, and mortal-
ity between daptomycin and linezolid are reported in Table 2. Our
meta-analysis suggests that linezolid therapy is associated with
increased survival for patients with VRE-BSI (n � 9 studies, 1,074
patients; OR, 1.3; 95% CI, 1.0 to 1.8; I2 � 0), but this did not reach
statistical significance (P � 0.053) (Fig. 2). Only one study dem-
onstrated a statistically significant association between daptomy-
cin and mortality (37). Outcomes were similar between linezolid
and daptomycin treatments for microbiologic cure (n � 5 studies,
517 patients; OR, 1.0; 95% CI, 0.4 to 1.7; P � 0.95) and clinical
cure (n � 3 studies, 357 patients; OR, 1.2; 95% CI, 0.5 to 2.1; P �
0.68; I2 � 0) (Table 3).

DISCUSSION

VRE-BSI is a potentially life-threatening complication for hospi-
talized patients, particularly the immunocompromised. Effective
antibiotic therapy has been shown to reduce mortality from VRE-
BSI (13). However, the high attributable mortality associated with
VRE-BSI in cohorts of hematopoietic stem cell transplant recipi-
ents, liver transplant patients, oncology patients, and inpatient
populations (11–19) warrants an examination of the literature to
examine which therapies may be associated with improved clinical
outcomes in these vulnerable populations.

Our systematic review provides an important assessment of

FIG 1 Flow chart representing the study selection process and reasons for
exclusion.
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available literature on selection of linezolid versus daptomycin for
the treatment of VRE-BSI. Although we did not identify data from
clinical trials of VRE-BSI, we found a trend toward an association
between linezolid therapy and patient survival in the available
literature. The association between linezolid and lower patient
mortality than with daptomycin treatment reached statistical sig-
nificance in one analysis by Dubrovskaya et al., which examined
80 patients in an academic medical center in New York (37).

Despite the objective results from our meta-analysis showing

an association between linezolid and survival, we strongly caution
that our findings should not be considered conclusive. There were
relatively few investigations included in our analysis, and all were
retrospective cohort analyses. Differences in definitions of mor-
tality may further have introduced bias. Moreover, there was evi-
dence of treatment selection bias in these investigations. Four in-
vestigations demonstrated a bias toward using daptomycin in
patients with hematologic abnormalities (22, 26, 29, 30). As a
result, some of the observed mortality difference between treat-
ments may be a product of the confounding by indication where
“sicker” patients were given daptomycin. One method to account

TABLE 2 Results from each investigations comparing linezolid and daptomycin in terms of microbiologic cure, clinical cure and mortality

Reference
Cohort/definition of
VRE-BSI Antibioticf

Clinical cure Microbiologic cure Mortality

No. of cured
patients/no.
of treated
patients (%) OR (95% CI)

No. of cured
patients/no.
of treated
patients (%) OR (95% CI)

No. of deaths/no.
of treated
patients (%) OR (95% CI)

Bio (30) 2 Positive culturesa D 22/37 (65) 1.7 (0.7–4.0) 32/37 (87) 0.8 (0.2–2.8) 12/37 (32) 0.8 (0.3–1.9)
L (�3 days) 22/47 (50) 42/47 (90) 18/47 (38)

Crank (28) 2 Positive culturesb,c D NAg NA NA NA 31/67 (46) 2.1 (0.9–5.0)
L NA NA 10/34 (29)

Dubrovskaya (37) 1 Positive culture D NA NA 39/40 (98) 1.0 (0.1–16.6) 13/40 (33) 3.4 (1.1–10.6)
L NA 39/40 (97) 5/40 (13)

Furuya (41) 1 Positive culture D NA NA 14/14 (100) NC 5/14 (36) 0.7 (0.2–2.4)
L NA 35/40 (88) 18/40 (45)

Kraft (22) 1 Positive cultured D 33/43 (77) 1.1 (0.3–3.2) NA NA 10/43 (23) 0.9 (0.3–2.9)
L (�2 days) 22/29 (76) NA 7/29 (24)

Lu (42) 2 Positive culturese D NA NA NA NA 11/29 (38) 1.2 (0.5–2.9)h

L NA NA 22/64 (34)
Mave (27) 1 Positive culture; CDC

criteria for BSI
D NA NA 27/30 (90) 1.2 (0.3–4.9) 8/30 (27) 1.4 (0.5–3.8)
L NA 60/68 (88) 14/68 (21)

McKinnell (26) 1 Positive culture; CDC
criteria for BSI

D NA NA 61/86 (71) 0.5 (0.3–1.0) 25/61 (29) 3.3 (1.6–6.8)
L NA 86/104 (83) 18/104 (18)

Twilla (29) 1 Positive culture D 47/63 (75) 1.0 (0.5–2.1) 59/63 (94) 0.9 (0.3–3.1) 15/63 (24) 14. (0.7–2.9)
L (�5 days) 102/138 (74) 130/138 (94) 25/138 (18)

a Two blood cultures.
b Two blood cultures or one blood culture with a second culture from another site.
c Polymicrobial infections excluded.
d Hematology/bone marrow transplant.
e Febrile patient.
f D, daptomycin; L, linezolid.
g NA, not available. The information was not stated in the article.
h For daptomycin, 28-day mortality was 17/29 (59%); for linezolid it was 33/64 (52%).

FIG 2 Meta-analysis comparing mortality in patients treated with linezolid
versus daptomycin treatment for VRE-BSI. The forest plot shows results for
overall mortality in patients treated with linezolid versus daptomycin. No
weighting criteria were applied to the calculations. The overall trend is for
improved survival with linezolid versus daptomycin (OR, 1.3), but this is not
statistically significant (P � 0.053). Dapto, daptomycin; LZD, linezolid.

TABLE 3 Results of meta-analysis of studies comparing linezolid with
daptomycin for the treatment of VRE-BSI

Outcomea

No. of
studies

No. of
patients ORb 95% CI P value

Mortality 9 1,074 1.3 0.996–1.8 0.053
Inpatient 4 333 1.7 1.1–2.8 0.08
30-Day 3 271 1.3 0.9–2.3 0.20

Microbiologic cure 5 517 1.0 0.4–1.7 0.95
Clinical cure 3 357 1.2 0.5–2.1 0.68
a Outcomes of linezolid versus daptomycin treatment were as defined by the
investigation.
b Odds ratios greater than 1 favor linezolid treatment, and odds ratios less than 1 favor
daptomycin treatment. For the paper by Lu et al. (42), the 14-day mortality numbers
were used for the calculation of the mortality odds ratio. Analysis using the 28-day
mortality was not significantly different.
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for differences between treatment groups would be to conduct a
patient-level quantitative analysis of all studies to assess the im-
pact of host, organism, and treatment-related factors on mortality
and clinical cure. This method of analysis has proven successful in
investigations of other infectious syndromes, but patient-level
data were not available from the investigations included in this
review (43).

Though our data trended toward an association between lin-
ezolid therapy and survival, we did not observe an association
between linezolid and microbiologic cure (P � 0.95). In nearly all
investigations, microbiologic cure was defined relatively late in the
course of disease, typically 7 to 14 days after VRE-BSI was diag-
nosed. In contrast to traditional measures of microbiologic cure,
duration of bacteremia and probability of repeat positive blood
culture while on therapy may be more sensitive measures of anti-
biotic activity and are thought to be an important predictor of
mortality. Diazgranados and Jernigan presented a robust analysis
showing a dose-response relationship between bacteremia dura-
tion and mortality using a Cox proportional hazards models (11).
Bhavnani and colleagues reported that positive follow-up cultures
were associated with mortality (odds ratio, 10.1; 95% CI, 2.2 to
46.7) (21). Similarly, Kraft et al. reported that bacteremia that
persisted over multiple days was associated with significantly
higher mortality (22). Among the studies included in our review,
one investigation found a higher likelihood of repeat cultures pos-
itive for VRE while on daptomycin (P � 0.01) and higher recur-
rence of VRE while patients were on daptomycin (P � 0.03) (29).
Alternatively, Crank et al. and Kraft et al. found no difference in
duration of bacteremia between linezolid and daptomycin treat-
ments (22, 28).

An important consideration of this literature review is that the
majority of studies described daptomycin dosing at 6 mg/kg, with
relatively few patients receiving higher doses of daptomycin (�8
mg/kg). Higher doses of daptomycin are thought to improve clin-
ical outcomes from VRE-BSI compared to traditional doses (33,
34). Among studies included in our final analysis, there is evidence
from one investigation that lower doses of daptomycin were asso-
ciated with recurrently positive cultures (29). There has been lim-
ited in vitro data, and emerging clinical data suggest that combi-
nation therapy for VRE-BSI with an effective antibiotic and a
�-lactam may be more effective that effective antibiotics alone
(44, 45). None of the investigations in our study adjusted for
�-lactam adjunctive therapy for VRE.

In summary, our results suggest that there may be a mortality
difference between daptomycin and linezolid for the treatment of
VRE-BSI. However, the literature on VRE-BSI is quite limited.
There were no clinical trials in our review of the literature. The
available manuscripts include small-cohort analyses, affected by
traditional limitations of retrospective studies. There were also
significant differences in study design, and importantly daptomy-
cin may have been underdosed. With the failure of two VRE-BSI
clinical trials to enroll an adequate number of subjects, the low
likelihood of having a gold-standard, prospective randomized
clinical trial of VRE-BSI in the near future is concerning. Until
such a trial is performed, we strongly believe that further retro-
spective analyses of VRE-BSI that control for important clinical
predictors and utilize sensitive outcomes such as duration of bac-
teremia, likelihood of repeat positive cultures while on therapy,
time to clinical cure, and traditional endpoints such as mortality

will be critical to understanding the role of antibiotic choice for
this increasingly common and potentially deadly infection (46).
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introduction

The first clinical experience on selective 
decontamination of the digestive tract 
(SDD) goes back to 1983 (1), whilst the first 
randomized trial was published in 1987 (2). 
Subsequently, 66 randomized controlled 
trials (RCTs) (3, 4) and 11 meta-analyses of 
RCTs of SDD have been published (5-15).
They demonstrated that SDD reduces se-
vere infections of the lower airways, of the 
bloodstream and mortality, with resistance 
being controlled. Surprisingly, although 
the evidence supporting the use of SDD in 
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Selective decontamination of the digestive tract has been proven to prevent severe infections and to reduce 
mortality in critically ill patients. Historical arguments against its use, like the development of bacterial resis-
tance and the absence of influence on mortality, have not been confirmed. Recent clinical trials designed to 
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intensive care unit (ICU) is high, SDD is 
not widely used in clinical practice. SDD 
has been the subject of strong controver-
sies among detractors and advocates of the 
manoeuvre. SDD opponents still rely on 
historical arguments against its use, such 
as the lack of any effect on mortality and 
the emergence of resistance.
This article will review the evidence on 
the efficacy of SDD and the issue of emer-
gence of resistance, using data from RCTs 
and meta-analyses of SDD.

What is SDD
SDD is a prophylactic strategy designed to 
prevent or minimize endogenous and exog-
enous infections, and to reduce mortality 
in critically ill patients. The aim of SDD 
is to prevent or eradicate, if present, the 
oropharyngeal and intestinal abnormal 
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carriage of potentially pathogenic micro-
organisms (PPMs), such as Gram-negative 
aerobic microorganisms (AGnB), methi-
cillin-sensitive Staphylococcus aureus and 
yeasts (16-18). The philosophy of SDD has 
some fundamentals (16-18):
- critical illness importantly impacts the 

body flora promoting a shift from normal 
to abnormal carriage and from low-grade 
carriage to high-grade carriage, i.e. over-
growth of normal and abnormal flora;

- gut overgrowth (i.e. ≥105 colonies per 
ml of saliva or faeces), in particular due 
to abnormal AGnB, is a critical event 
which precedes endogenous infections, 
and is a risk factor for antimicrobial re-
sistance;

- a limited range of 15 PPMs is responsi-
ble for the majority of infections in ICU, 
and SDD mainly impacts these microor-
ganims;

- most ICU infections are primary endog-
enous infections, followed by secondary 
endogenous and exogenous infections;

- the use of the full four components pro-
tocol of SDD is crucial.

SDD selectively targets both normal (e.g. 
methicillin-sensitive S. aureus, Streptococ-
cus pneumoniae, Haemophilus influenzae, 
Moraxella catarrhalis, Escherichia coli, 
Candida albicans) and abnormal flora (e.g. 
Klebsiella, Enterobacter, Citrobacter, Serra-
tia, Proteus, Morganella, Pseudomonas, Aci-
netobacter species, and methicillin-resistant 
S. aureus). By design SDD does not cover 
low-level pathogens, such as anaerobes, 
viridans streptococci, enterococci, and co-
agulase-negative staphylococci, which rare-
ly cause infections during ICU stay.
The full protocol of SDD classically con-
sists of four components (18):
1. a short course (4 days) of parenteral an-

tibiotics to control primary endogenous 
infections caused by PPMs present in 
the patient’s admission flora. Previously 
healthy subjects can be treated with a 

β-lactam antibiotic, such as cefotaxime 
80-100 mg/kg/day, active against nor-
mal and the majority of microorganisms 
belonging to the abnormal flora. Patients 
with a chronic underlying disease, such 
as diabetes, chronic obstructive pulmo-
nary disease, and patients transferred 
from other ICUs or wards, may carry 
both normal and abnormal flora in 
throat and gut, including Pseudomonas 
species. This group of patients requires 
combination therapy, or an anti-pseudo-
monal cephalosporin (e.g. ceftazidime);

2. enteral antimicrobials, i.e. polymyxin E, 
tobramycin, and amphotericin B (PTA), 
given throughout ICU stay to control 
secondary oropharyngeal and intesti-
nal carriage, and subsequent secondary 
endogenous infections due to PPMs ac-
quired in the ICU. Half a gram of paste 
or gel containing 2% PTA is applied in 
the oropharyngeal cavity with a glowed 
finger four times a day, combined with 
10 ml of a suspension containing 100 
mg of polymyxin E, 80 mg of tobramy-
cin and 500 mg of amphotericin B and 
are administered into the gut through 
the nasogastric tube four times a day. 
In case of endemicity of methicillin-re-
sistant S. aureus (MRSA), i.e. incidence 
of over one new case per month with a 
diagnostic sample positive for MRSA 
throughout a six-month period, oropha-
ryngeal gel and/or intestinal solution of 
vancomycin can be added to the classi-
cal PTA regimen;

3. high levels of hygiene prevent exogenous 
infections, as well as the topical antimi-
crobials of PTA on the tracheostomy in 
tracheostomized patients to control ex-
ogenous lower airway infections;

4. surveillance cultures of throat and 
rectum on admission and, afterwards, 
twice weekly to monitor the effective-
ness of SDD and to detect resistance at 
an early stage.
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Unfortunately, variations from the origi-
nal four-component protocol have been 
employed, such as use of solely intestinal 
antimicrobials, administration of enteral 
antimicrobials without the parenteral com-
ponent, and selective oropharyngeal decon-
tamination (SoD) in which the oropharyn-
geal components is used omitting both the 
parenteral and the intestinal components.
Additionally, antimicrobials different from 
polymyxin/tobramycin have been intro-
duced: they were mainly quinolones or dif-
ferent aminoglycosides, such as gentamicin 
or neomycin.
The effectiveness of SDD is based on the 
ability of antimicrobials to clear oropha-
ryngeal and gut carriage in overgrowth 
concentration of both normal and abnor-
mal PPMs rather than to selectively remove 
aerobic bacteria leaving the anaerobic in-
testinal flora unaffected, as the name SDD 
misleadingly implies (19). However, the 
term SDD is now so well established that to 
change it would cause too much confusion.

Effectiveness
After 25 years of clinical research SDD has 
been assessed in 66 RCTs (3,4) and in 11 
meta-analyses of only RCTs (5-15) in ap-
proximately 15,000 patients. The full pro-
tocol using parenteral and enteral antimi-
crobials has been assessed in 22 RCTs.
Amongst the 66 RCTs, 52 are from Europe 
and 14 from non-European countries. All 
meta-analyses, but one, are European (one
from The netherlands, and nine from Ita-
ly). Table 1 summarizes the results of the 
11 meta-analyses.
SDD significantly reduces oropharyngeal 
and rectal carriage of Gram-negative mi-
croorganisms by 87% (oR [odds ratio] 
0.13; 95% confidence interval [CI] 0.07-
0.23) and 85% (oR 0.15; 95% CI 0.07-0.31), 
respectively (11). Gram-positive carriage is 
also reduced, but not significantly (11). Ad-
ditionally, SDD significantly reduces yeast 
carriage (oR 0.32; 95% CI 0.19-0.53) (9).
All meta-analyses demonstrated an impact 
of SDD on lower respiratory tract infec-

table 1 - Effectiveness of selective decontamination of the digestive tract assessed in 11 meta-
analyses of randomized controlled trials.

first author lower airway 
infection

bloodstream 
infection mortality oropharyngeal 

carriage rectal carriage overall  
infection modS

Vandenbroucke-
Grauls [5] 0.12 (0.08-0.19) 0.92 (0.45-1.84)

D’Amico [6] 0.35 (0.29-0.41) 0.80 (0.69-0.93)

Liberati [7] 0.35 (0.29-0.41) 0.78 (0.68-0.89)

Safdar [8] 0.82 (0.22-2.45) 0.88 (0.73-1.09)
0.16 (0.07-0.37) §

Silvestri [9]** 0.89 (0.16-4.95) 0.32 (0.19 -0.53)* 0.30 (0.17-0.53)

Silvestri [10[ 0.73 (0.59-0.90) 0.80 (0.69-0.94)

Silvestri [11]
Gram-negative
Gram-positive

0.11 (0.06-0.20)
0.52 (0.34-0.78) 

0.35 (0.21-0.67)
1.03 (0.75-1.41)

 0.13 (0.07-0.23)
0.55 (0.30-1.02)

0.15 (0.07-0.31)
0.53 (0.12-2.43)

0.17 (0.10-0.28)
0.76 (0.41-1.40)

Silvestri [12] 0.71 (0.61-0.82)

Liberati [13] 0.28 (0.20-0.38) 0.75 (0.65-0.87)

Silvestri [14] 0.82 (0.51-1.32) 0.50 (0.34 - 0.74)

Silvestri [15] 0.54 (0.42-0.69) †

Results are reported as odds ratio with 95% confidence interval except for Safdar meta-analysis which used risk ratio; MoDS, multiple organ dysfunction 
syndrome. *overall carriage; **Yeasts data; §Aerobic Gram-negative bacilli infections; †tracheobronchitis.
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tions. The use of the full protocol of enteral 
and parenteral antimicrobials of SDD re-
duces lower airway infections by 72% (oR 
0.28; 95% CI 0.20-0.38) (13), due to both 
Gram-negative and Gram-positive bacteria 
(11). Interestingly, the full protocol of SDD 
is more effective in reducing Gram-nega-
tive lower airway infections than solely 
enteral antimicrobials (oR 0.07; 95% CI 
0.04-0.13, and oR; 0.28 95% CI 0.11-0.68, 
respectively) (11). A recent meta-analysis 
explored the effectiveness of SDD on ven-
tilator-associated tracheobronchitis (VAT), 
and showed a 46% VAT reduction in pa-
tients receiving SDD (oR 0.54; 95% CI 
0.42-0.69) (15).
Polyenes, nystatin or amphotericin B, are 
part of the SDD antimicrobials. A meta-
analysis, exploring the impact of SDD on 
fungal infections, showed a 70% signifi-
cant reduction of fungal infections (oR 
0.30, 95% CI 0.17-0.53), although fun-
gaemia was not significantly reduced due 
to the low event rates in test and control 
group (9).
fifty-one RCTs in 8065 critically ill pa-
tients were included in a systematic review 
on bloodstream infection (10). SDD signifi-
cantly reduced overall bloodstream infec-
tions by 27% (oR 0.73; 95% CI 0.59-0.90) 
and Gram-negative bloodstream infections 
(oR 0.39; 95% CI, 0.24-0.63), without 
any impact on Gram-positive bloodstream 
infections (oR 1.06; 95% CI, 0.77-1.47). 
Again, the effect on overall bloodstream 
infections and bloodstream infections due 
to Gramnegative bacteria was even larger 
when parenteral and enteral antimicrobi-
als were used with oRs of 0.63 (95% CI, 
0.46-0.87), and 0.30 (95% CI, 0.16-0.56), 
respectively. These findings have been 
substantiated by a recent multicentre tri-
al which demonstrated that ICU-acquired 
bacteraemia due to enterobacteriaceae was 
significantly reduced in SDD vs standard 
care (oR 0.44, 95% CI 0.34-0.47), in SoD 

vs standard care (oR 0.68, 95% CI 0.53-
0.86), and, remarkably, in SDD vs SoD 
(oR 0.65, 95% CI 0.49-0.85) (20).
A recent meta-analysis explored the effi-
cacy of SDD in the prevention of multiple 
organ dysfunction syndrome (MoDS) (14). 
In seven RCTs including 1270 patients, 
SDD reduced MoDS by 50% (oR 0.50, 
95% CI 0.34-0.74).
out of 11 meta-analyses, 8 explored the ef-
fect on mortality (5-8, 10, 12-14). All meta-
analyses assessing the impact of the full 
protocol and providing a large sample size 
(more than 2000 patients) showed a sur-
vival benefit of SDD (6, 7, 10, 12, 13). In 
particular, an Italian meta-analysis demon-
strated a mortality reduction of 29% (oR 
0.71, 95% CI 0.61-0.82), reaching a 42% 
mortality reduction in studies where SDD 
eradicated the carrier state (oR 0.58, 95% 
CI 0.45-0.77) (12). Eighteen patients should 
be treated with SDD to save one life. Re-
markably, in meta-analyses with a small 
sample size the reduction in mortality was 
not significant (5, 8, 14). There are two large 
Dutch RCTs with the endpoint of mortal-
ity (20, 21). In the first the risk of mortality 
was reduced by 40% in the unit where SDD 
was administered to all patients (21). The 
second RCT (20), the largest SDD study 
ever published, compared SDD and SoD vs 
standard care. Both SDD and SoD equally 
reduced mortality compared to standard 
care (oR 0.83, p=0.02; 0.86, p=0.045, re-
spectively), although the mortality reduc-
tion was higher, albeit not significantly, in 
SDD group than in SoD group. A recent 
meta-analysis of SoD RCTs failed to dem-
onstrate any significant impact on mortal-
ity (oR 0.93; 95% CI 0.81-1.07) (22).
SDD has been assessed in selected patient 
groups, such as burns (23), patients receiv-
ing oesophageal/gastrointestinal surgery 
(24), paediatric population (25), transplant 
patients (8). The meta-analysis on mortal-
ity in burn patients demonstrated a signifi-
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clustered RCT from The netherlands the 
proportion of patients with AGnB in rec-
tal swabs that were not susceptible to the 
marker antibiotics was lower with SDD 
than with standard care or SoD (20). Re-
markably, a post-hoc analysis of the same 
Dutch RCT, explored the incidence of 
bacteremia and lower respiratory tract 
colonization due to highly resistant micro-
organisms (HRMos), in particular AGnB 
(27). Bacteremia due to HRMos was sig-
nificantly reduced by SDD compared with 
SoD (oR 0.37; 95% CI 0.16-0.85), and 
lower respiratory tract colonization due to 
HRMos was less with SDD (oR 0.58, 95% 
CI 0.43-0.78) than SoD (oR 0.65, 95% CI 
0.49-0.87) compared with standard care. In 
an ecological survey (28) undertaken dur-
ing the study period of the Dutch RCT (20), 
an increase in resistance after SoD and 
SDD discontinuation was observed. 
This seems to contradict the reduction in 
resistance demonstrated in the main study. 
However, that ecological study has some 
important limitations. first, the study used 
a point-prevalence method in which all pa-
tients in the unit, whether enrolled or not 
in the study, were included.
Second, the change in resistance could also 
be due to a simultaneous change of the re-
sistance spectrum in patients admitted to 
the hospital, as admission cultures were 
included in the study. finally, the survey 
showed that AGnB resistant to the marker 
antibiotics in the respiratory tract were 
significantly lower during SDD/SoD than 
during the pre- and post-intervention peri-
ods, and AGnB resistance to ciprofloxacin 
and tobramycin in rectal swabs was signifi-
cantly lower during SDD than during stan-
dard care/SoD. These findings confirm 
that SDD does not increase the resistance 
problem, but actually reduces it, and that 
SDD was superior to SoD and standard 
care in controlling the emergence of resis-
tance.

cant reduction in the odds of death by 78% 
(oR 0.22, 95% CI 0.12-0.43) (23).
Three RCTs investigating gastroesophage-
al surgery were pooled together in a meta-
analysis which showed that SDD reduced 
pneumonia rate by 64% (oR 0.36, 95% CI 
0.19-0.69) (24). A meta-analysis of SDD in 
transplant recipients found a significant 
reduction of infections due to AGnB and 
yeasts (oR 0.16, 95% CI 0.07-0.37) (8).
The reduction was not significant when all 
infections were analysed, owing to a sub-
stantial number of infections due to low-
level pathogens, such as enterococci and 
coagulase-negative staphylococci, which 
are intrinsically not covered by SDD. The 
small sample size may explain why mor-
tality was not significantly reduced. four 
pediatric RCTs were included in a recent 
meta-analysis. Pneumonia was significant-
ly reduced by SDD (oR 0.31, 95% CI 0.11-
0.87), whilst overall mortality was not (oR 
1.18, 95% CI 0.50-2.76) (25). However, the 
results of all these analyses should be in-
terpreted with caution due to the low num-
ber of studies and patients included.

Resistance
AGnB resistance was the endpoint of four 
RCTs (4, 20, 21, 26). During an outbreak 
of K. pneumoniae producing extended spec-
trum beta-lactamase in a french ICU, SDD 
significantly reduced both carriage and in-
fections due to this microorganism (26). 
Similarly, SDD cleared gut overgrowth of 
carbapenem-resistant K. pneumoniae in 
the Beer-Sheva ICU, Israel (4). A Dutch 
mono-centre RCT of about 1000 patients 
found that carriage of AGnB resistant to 
imipenem, ceftazidime, ciprofloxacin, to-
bramycin and polymyxins occurred in 
16% of patients receiving parenteral and 
enteral antimicrobials, compared to 26% 
of control patients that received parenteral 
antibiotics only with a relative risk of 0.6 
(95% CI 0.5-0.8) (21). In the multi-center 



26

Silvestri L, et al.

hSr Proceedings in intensive care and cardiovascular Anesthesia 2012, vol. 4

Selective decontamination of the digestive tract

By design, SDD does not cover MRSA, and, 
therefore, may promote carriage and infec-
tion due to this PPM. There are seven RCT 
conducted in ICUs in which MRSA was 
endemic during the study and demonstrat-
ed a trend toward higher MRSA infection 
rates in patients receiving SDD (29). Un-
der these circumstances, the original SDD 
component requires the addition of oro-
pharyngeal and/or intestinal vancomycin. 
Interestingly, three studies (30-32) using 2 
g of 4% vancomycin gel or paste and/or 2 g 
of vancomycin solution added to the non-
absorbable PTA component demonstrated 
that prevention and eradication of carriage 
and overgrowth of MRSA was followed 
by the control of MRSA infection, trans-
mission and outbreaks. Severe infection, 
including MRSA pneumonia, were signifi-
cantly reduced using enteral vancomycin 
(32, 33).
Although, studies on AGnB resistance 
have not led to an increased resistance 
problem, clinicians should be aware that 
highly resistant microorganisms may be 
selected during SDD, in particular in ICUs 
where these microorganisms are endemic. 
Therefore, surveillance samples of throat 
and rectum are mandatory to detect resis-
tance at an early stage.

Costs
Costs were reduced in the majority of SDD 
RCTs, including cost per survivor (34). In 
the recent Dutch trial, although the me-
dian number of defined daily doses of sys-
temic antibiotics per patient-day did not 
significantly differ among SDD, SoD and 
standard care, the use of carbapenems, 
quinolones and lincosamides was reduced 
in SDD compared with SoD and standard 
care (21). Van nieuwenhoven et al (35), us-
ing a combination of crude cost analysis, 
decision model analysis, and bootstrap 
analysis, provided strong evidence that 
preventing ventilator-associated pneumo-

nia by means of oropharyngeal decontami-
nation was cost-effective. Also the Agency 
for Healthcare Research and Quality of the 
United States Department for Health and 
Human Services considers SDD to be a 
cheap manoeuvre (36). The cost of less than 
10 €/day is not an issue for an intervention 
that reduces lower airway and bloodstream 
infections, and mortality.

Why is SDD not widely used?
Despite the vast body of evidence showing a 
significant reduction in morbidity and mor-
tality, with resistance being controlled, SDD 
is not widely applied in clinical practice.
The main reason for SDD not being widely 
used is the primacy of opinion over evidence. 
Two surveys revealed that SDD is used in 
only 5% and 30% of the British (37) and 
Dutch (38) intensive care units, respective-
ly, mainly due to an insufficient evidence of 
efficacy and concerns about resistance. Ad-
ditionally, SDD has been recently ranked 
the worst manoeuvre for prevention of 
ventilator-associated pneumonia by a pan-
el of experts, although none of them has 
published on the topic (39). The reason for 
this is multifactorial, but the longstanding 
disagreement among experts and opinion 
leaders has been an important factor which 
contributed to the confusion. for example, 
in early nineties the first meta-analysis on 
SDD by the Cochrane Italian Center in 
Milan had already demonstrated a signifi-
cant impact of SDD on mortality (40), but, 
subsequently, a biased meta-analysis has 
been published in an influential American 
journal with opposite results (41). four 
further meta-analyses and two large RCTs 
have been needed before opinion leaders 
acknowledged that SDD significantly im-
pacted mortality. More recently, also the 
national Institute for Health and Clinical 
Excellence, nICE, although admitting that 
SDD impacted morbidity and mortality, did 
not support SDD as “few studies had been 
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undertaken in the UK, and therefore they 
did not reflect current national Health Ser-
vice practice” (42). History repeats itself! 
It seems that the evidence based medicine 
can not be applicable to SDD, similarly to 
Semmelweis’ findings, which were heavily 
opposed by Virchow, the expert pathologist 
and influential opinion leader of that time. 
Previous experience with thrombolytic 
drugs indicates a similar pattern, with an 
undesirable lag between the appearance of 
meta-analytic evidence and the recommen-
dation of clinical experts (43).
Concerns expressed by experts about resis-
tance are based on low level evidence, but 
have delayed the implementation of SDD. 
European and American experts stated 
that the most important objection to the 
widespread use of SDD is the unknown 
effects on antibiotic resistance in the long 
term. They invariably refer to their own 
review articles, e.g. the lowest level of evi-
dence (44, 45).
SDD has never been promoted by pharma-
ceutical companies, probably because there 
is little profit in older agents such as cefo-
taxime, polymyxin E, tobramycin and am-
photericin B, which are inexpensive and 
off-patent. furthermore, SDD is not sup-
ported by authoritative-looking data sheets, 
and it is not marketed to clinicians in the 
traditional manner. Paste, gel or suspen-
sion are not readily available on the shelf. 
Hence, the application of SDD requires 
more effort in terms of commitment and 
monitoring from the ICU team, the phar-
macist, and the microbiologist, than is the 
case with the mere systemic administra-
tion of the latest antibiotic on the market. 
The most recent example is the Surviving 
Sepsis Campaign sponsored by the indus-
try that recommends all evidence-based 
medicine interventions (46), except SDD 
(47). Moreover, intensivists are not famil-
iar with surveillance cultures of throat 
and rectum and they are worried about an 

increased team workload (48). However, 
ICUs using SDD experienced less work-
load due to a reduction in infection rates, 
less systemic antibiotics use, declining in 
the frequency of tracheal suctioning, and 
absence of resistant strains requiring pa-
tients’ cohorting or isolation.
finally, there is an interaction between 
physicians and pharmaceutical industries. 
Most opinion leaders have links with the 
industry and receive grants for the evalua-
tion of new antibiotics, both in vitro and in 
vivo. The same clinicians are invited to na-
tional and international meeting at which 
they report data often promoting these 
new drugs as first-line antibiotics. The tra-
ditionalists on the “circuit” have relied on 
the industry to develop new drugs at regu-
lar intervals, usually after publications of 
case reports of superinfections of the cur-
rently favoured antibiotics. The realisation 
that the pharmaceutical companies failed 
to provide new classes of antibiotics came 
as a severe blow. Industrialized countries 
have largely delegated the control of drug 
trials to the pharmaceutical companies, 
which place clear limitation on research 
(49). However, economic interests seek the 
best financial return and establishing new 
potent antibiotics to treat rather than pre-
vent pneumonia is more profitable.

concluSionS

SDD is the best-ever evaluated intervention 
in intensive care medicine, and has been 
assessed by 66 RCTs and several meta-
analyses in approximately 15,000 patients, 
over a period of 25 years. The control of 
digestive tract overgrowth of normal and 
abnormal flora by achieving high antimi-
crobials concentrations is the mechanism 
of action of SDD. 
The results of individual studies and meta-
analyses indicate a strong protective effect 
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of the full protocol of parenteral and en-
teral antimicrobials of SDD on pneumonia 
and bloodstream infections, and a reduc-
tion in mortality, with resistance being 
controlled.
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S ignificant advances have been made in the management
of posttransplant cytomegalovirus (CMV); however, it

remains one of the most common complications affecting
organ transplant recipients, with significant morbidity and
occasional mortality. The adverse impact of CMV infection
on graft function underscores the importance of CMV on
transplant outcomes. Concurrent with recent advances in

molecular diagnostics, antiviral therapies, and evolving im-
munosuppression regimens, management of CMV varies
considerably among transplant centers. In December 2008, a
panel of experts on CMV and solid organ transplant (SOT)
was convened by The Infectious Diseases Section of The
Transplantation Society to develop consensus guidelines on
CMV management. Topics include diagnostics, immunol-
ogy, prevention, treatment, resistance, and pediatrics. Each
section used a scoring system to rate the quality of evidence
on which recommendations are based (1) (Table 1). For clar-
ity, the following definitions, which are consistent with the
American Society of Transplantation recommendations for
use in clinical trials (2), are used in this document.

• CMV infection: evidence of CMV replication regardless
of symptoms (differs from latent CMV).

• CMV disease: evidence of CMV infection with attribut-
able symptoms. CMV disease can be further categorized
as a viral syndrome with fever, malaise, leukopenia, and
thrombocytopenia or as a tissue-invasive disease.

DIAGNOSTICS

Pretransplant Management
CMV serology should be performed pretransplant on

both the organ donor and the recipient. A test that measures
anti-CMV IgG should be used, because IgG serologic tests
have better specificity than IgM tests or tests combining IgG
and IgM, neither of which should be used for screening. False-
positive IgM reactions may significantly decrease the specific-
ity of the screen (3–5). Because donor and recipient serostatus
(cited as D/R) are such key predictors of infection risk and
management, it is imperative that a test with high sensitivity
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and specificity be used. Not all serologic tests are equivalent,
and thus, it is important to understand the performance char-
acteristics of the specific test used (6). A change in the sero-
logic test requires an evaluation of the test performance,
including comparison with the previously used test. If the
donor or recipient is seronegative during the pretransplant
evaluation, serology should be repeated at the time of the
transplant if there is a significant time interval between
screening and the transplant. Interpretation of serology re-
sults can be difficult in donors and recipients with recent
transfusion of blood products, as passive transfer of antibody
can lead to transient false-positive serologic results (7); a pre-
transfusion sample is preferable if available.

In adults, an equivocal serologic assay result in the
donor should be assumed to be positive, whereas this result
in the recipient should be assumed to be negative. This
strategy will ensure that the recipient is assigned to the
highest appropriate CMV risk group for posttransplant
management decisions.

Posttransplant Role of Diagnostics
Serology has no role in the diagnosis of active CMV

disease posttransplantation. Viral culture of blood for CMV
has limited clinical utility for diagnosis of disease due to poor
sensitivity. There is no role for CMV urine culture in the
diagnosis of disease due to poor specificity (8). A positive
culture from bronchoalveolar lavage specimens in lung trans-
plant recipients may reflect viral secretion and may not reflect
pulmonary disease (9, 10). Culture of tissue specimens re-
mains an option for diagnosis of tissue-invasive disease, par-
ticularly for gastrointestinal samples, whereas antigenemia or
polymerase chain reaction (PCR) testing on blood may not
always be positive.

The CMV pp65 antigenemia test is a semiquantitative
test that is useful for the diagnosis of clinical disease, initiating
preemptive therapy, and monitoring response to therapy
(11–15). Studies have shown that higher numbers of positive
staining cells correlate better with disease (11, 12), although
tissue-invasive disease can occur with low or negative cell
counts. Only one study showed a positive correlation between
the number of pp65-positive cells and CMV disease for
D�/R� cases, because 82% of the D�/R� patients devel-
oped CMV disease (16). The antigenemia test has advantages

in some settings, because it does not require expensive equip-
ment and the assay is relatively easy to perform. There are
problems with a lack of assay standardization, including sub-
jective result interpretation, and it is unlikely that better stan-
dardization of this assay will occur, as more laboratories
move toward molecular methods. The assay may not be pos-
sible to perform when the absolute neutrophil count is less
than 1000 neutrophils/�L. The test is labor intensive, and the
blood specimen has limited stability and should be processed
within 6 to 8 hr of collection to avoid a decrease in test sensi-
tivity. Transplant centers where many patients live far away
and whose blood samples are mailed to the laboratory may
prefer to use quantitative nucleic acid testing (QNAT) rather
than antigenemia, given the decreased yield of antigenemia
over time.

QNAT for CMV (also known as CMV viral load
testing) is the main alternate option for diagnosis, making
decisions regarding preemptive therapy, and monitoring re-
sponse to therapy (17–23). Most laboratories that perform
viral load testing are moving to real-time PCR technologies,
because they have better precision, broader linear range,
faster turnaround time, higher throughput, and less risk of
carry over contamination compared with conventional PCR
tests (24). The testing requires expensive equipment and re-
agents, specialized expertise, and may not be appropriate for
all laboratories. Plasma and whole-blood specimens both
provide prognostic and diagnostic information regarding
CMV disease (25–28). When using whole blood, the consen-
sus opinion is to report values as copies per milliliter of blood,
although there are no data directly comparing the impact of
reporting results based on volume of blood, micrograms of
DNA, or number of cells. CMV DNA is detected earlier and
usually in greater quantitative amounts in whole blood com-
pared with plasma. For this reason, one specimen type should
be used when serially monitoring patients.

The pp67 test (bioMerieux, Marcy l’Etoile, France) de-
tects pp67 late mRNA in whole blood; there are limited data
on the clinical utility of this test (14, 17). As a qualitative
assay, it may be more appropriate for diagnosis of disease
than for monitoring treatment response. Qualitative PCR
is an option for surveillance if this is the only testing option
available, as there are problems with clinical specificity of
this test and it is generally not recommended.

Currently, there is poor interinstitutional correlation of
QNAT viral load values, partly due to the lack of an interna-
tional reference standard and variation in assay design (29).
This prevents the establishment of broadly applicable cutoffs
for clinical decision making, particularly for preemptive
strategies. It is imperative that laboratories use an external
quantitative standard material (independent of that provided
by the manufacturer) to monitor quantification across differ-
ent lots of reagents to ensure consistency of assay perfor-
mance. If the laboratory changes QNAT viral load tests or
extraction method, there must be an evaluation of the perfor-
mance characteristics of the new tests compared with the old
tests. Interinstitutional comparison of QNAT values requires
cross-referencing of values by specimen exchange or use of
common external reference material (30).

Natural history studies have shown that higher viral
load values correlate with increased risk for the development
of disease (21, 22). One study (22) established a cutoff for

TABLE 1. Quality of evidence on which
recommendations are based

Grade Definition

I Evidence from at least one properly randomized,
controlled trial

II-1 Controlled trials without randomization

II-2 Cohort or case-control analytic studies

II-3 Multiple time series or dramatic uncontrolled
experiments (including data on new therapies
that were not collected in a randomized fashion)

III Evidence from opinions of respected authorities
based on clinical experience, descriptive studies,
or reports of expert committees

Adapted from CDC (1).
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predicting disease of 2000 to 5000 copies/mL in CMV-
seropositive liver transplant recipients; this study was per-
formed, however, using a commercial QNAT viral load test
(Cobas Amplicor Monitor; Roche, Basel, Switzerland) and so
may not be applicable in setting where other assays are used or
in different populations and risk groups. Several recent pub-
lications reporting equal efficacy of preemptive therapy to
universal prophylaxis in randomized trials in renal allograft
recipients used trigger points for intervention of more than
2000 copies/mL of whole blood (9, 31, 32). Trends in viral
loads over time may be more important in predicting disease
than any absolute viral load value (21). The limit of detection
varies among the different viral load tests; a lower limit of
detection of greater than 1000 copies/mL (using either whole
blood or plasma) may be inadequate to detect disease (33)
because some patients with end-organ disease may have very
low or even undetectable viral load values. Conversely, a sen-
sitive test (limit of detection �10 copies/mL) may detect la-
tent virus, particularly if whole blood specimens are used,
which limits the clinical utility of an extremely sensitive test.
QNAT viral load tests should be linear throughout the impor-
tant range of clinical values (up to �1 million copies/mL).
The precision of QNAT viral load tests are such that changes
in values should be at least 3-fold (0.5 log10 copies/mL) to
represent biologically important changes in viral replication
(34). QNAT variability is greatest for low viral loads; thus for
viral load values at or near the limit of quantification, QNAT
viral load changes may need to be greater than 5-fold (0.7
log10 copies/mL) to be considered significant.

Both the antigenemia and the QNAT viral load tests
have clinical utility, are widely available, and in general there
is a good but not uniform correlation between CMV antigen-
emia levels and QNAT viral load values (17, 24, 35). One
recent study directly compared a whole-blood QNAT viral
load test and the antigenemia test for use in initiating pre-
emptive therapy (36) in SOT recipients and found that use of
the viral load test for initiating preemptive therapy signifi-
cantly reduced the number of patients requiring treatment
with no increase in CMV disease. The decision regarding
which test to use will depend on many factors including avail-
able resources, technical expertise, patient population, re-
quired turnaround time, volume of samples tested, and cost.
Ideally, CMV QNAT and antigenemia tests should be avail-
able within 24 to 48 hr for diagnosis of disease. For viral load
testing, reporting results as both integers and log10 trans-
formed data may help clinicians avoid overinterpreting small
changes in viral load.

Diagnostics for Tissue-Invasive Disease
Specimens from specific body sites may provide addi-

tional information about CMV infection. Identification of
inclusion bodies or viral antigens in biopsy material by im-
munohistochemistry (37, 38) or in bronchoalveolar lavage
specimens cells by immunocytochemistry may improve the
predictive value of a positive culture. The diagnosis of tissue
invasive CMV disease, such as hepatitis and gastrointestinal in-
fection, should be confirmed by immunohistochemistry or in
situ DNA hybridization (39–41). When performing histopa-
thology of biopsy specimens, immunostaining should be rou-
tinely performed to maximize sensitivity. Not all antibodies have

equal sensitivity, and the performance may also differ between
fresh and formalin-fixed, paraffin-embedded tissue (41).

For bronchoalveolar lavage and biopsy specimens, lab-
oratories should be moving toward QNAT testing because it
provides quantitative results, improved sensitivity without
loss of specificity, and faster turn around time compared with
culture (42, 43). The quantitative nature of QNAT may allow
the establishment of a viral load cutoff to predict the devel-
opment of disease, without loss of specificity. At present,
there are no randomized clinical data regarding the interpre-
tation of QNAT viral load testing in bronchoalveolar lavage
specimens, although several studies suggest it may be helpful
in predicting pneumonitis (38, 43, 44).

Central nervous system disease in SOT recipients is ex-
tremely rare. In the absence of extensive clinical studies, the
presence of CMV DNA in the cerebrospinal fluid (CSF) likely
represents CMV disease and should be treated. The diagnosis
of retinitis is based on ophthalmologic examination; viral
load in blood or plasma or other laboratory tests are rarely
useful as predictors of CMV eye disease although they may be
positive before and at the time of diagnosis of CMV retinitis.

Future Directions
Numerous questions remain unanswered in this field.

Future studies are needed to:

• Compare the performance characteristics of the differ-
ent serologic tests; assess the utility of cell-mediated im-
munity assays (45) for the interpretation of passive
immunity due to transfusion of blood products and in
sorting out serostatus in donors and recipients less than
18 months of age.

• Correlate viral load levels with immunohistopathology,
in situ hybridization, and clinical outcome.

• Determine the characteristics of an international refer-
ence standard that would optimize agreement between
viral load values obtained with different tests.

• Determine the viral form (virions, fragmented, or
genomic CMV) in cellular and acellular compartments
and viral kinetics in peripheral blood compartments.

• Directly compare QNAT viral load monitoring in
plasma and whole blood with respect to disease predic-
tion and monitoring response to therapy.

• Determine the role of antigenic variability among strains
and coinfection in predicting disease, relapse, and ther-
apy response.

Consensus Recommendations

• Pretransplant donor and recipient serology should be
performed. If pretransplant serology of the recipient is
negative, retest at time of transplant (III). If the pretrans-
plant serology is equivocal in the donor, assume it is
positive, and if the result is equivocal in the recipient,
assume it is negative (III). (For guidance on infants and
children less than 18 months, see Pediatrics section.)

• Viral culture of blood or urine has a limited role for the
diagnosis of disease. Culture of tissue specimens has
some role in the diagnosis of invasive disease. Positive
culture of bronchoalveolar lavage samples may not al-
ways correlate with disease (II-2).
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• Histopathologic examination of tissue should routinely
include immunostaining (II-2).

• Both antigenemia and QNAT viral load tests are accept-
able options for diagnosis, decisions regarding preemp-
tive therapy, and monitoring response to therapy (II-1/
II-2). Transplant centers where many patients live far
away and whose blood samples are mailed to the labora-
tory may prefer to use QNAT rather than antigenemia,
given the decreased yield of antigenemia over time.

• Either plasma or whole blood is an acceptable specimen
for QNAT viral load testing, but there needs to be an
appreciation of the differences in viral load values and
viral kinetics in the two compartments. Specimen type
should not be changed when monitoring patients (II-2).

• A universal cutoff for initiating therapy has not been
established due to issues outlined earlier. It is likely that
an international reference standard and consensus on
specimen type would improve the determination of ap-
propriate standardized trigger points for intervention.
In the interim, laboratories must establish their own cut-
offs and audit clinical outcomes to verify the trigger
points used (III).

IMMUNOLOGIC MONITORING FOR CMV
AND CMV VACCINES

Immunologic Control of CMV
The immunologic control of CMV in the immuno-

compromised host is complex and involves both the innate
and adaptive immune systems (46 – 48). Polymorphisms of
Toll-like receptor-2 and Toll-like receptor-4 as well as defi-
ciencies of complement proteins and mannose binding lectin
are associated with increased risk of CMV disease (49 –51).
Natural killer cells play a critical role in control of primary
and recurrent CMV infection, typically increasing in re-
sponse to viral replication (52, 53).

Adaptive immune responses of B and T lymphocytes
are critical in controlling CMV replication. The methods to
monitor the adaptive immune response to CMV may allow
for early identification of patients at increased risk of viral
replication. B cells are important in the humoral response to
CMV, producing neutralizing antibodies that primarily tar-
get glycoprotein B (gB) and glycoprotein H (46, 47). There is
emerging evidence that a significant number of posttrans-
plant patients develop hypogammaglobulinemia (26%–70%
in some series), although a link with CMV risk is controver-
sial. Hypogammaglobulinemia was a risk factor for CMV in-
fection in heart and lung transplant recipients but not in a
large cohort of patients postliver transplant (54 –56).

T-cell responses, including both CD4� and CD8� T
cells, are critically important components of the immune sys-
tem for control of CMV. Both CD4� T cells and CD8� cyto-
toxic T lymphocytes protect against replication (46 – 48).
T-cell reactivity has been shown to be directed toward a wide
range of CMV antigens such as pp65, pp50, IE-1, gB, and
others (57). The key role of T cells in the control of CMV has
been demonstrated through the use of adoptive immuno-
therapy for both prophylaxis and therapy of CMV infection,
primarily in the hematopoeitic stem-cell transplantation
(HSCT) setting. For immunotherapy, donor T cells are
stimulated in vitro using viral lysate or CMV-specific pep-

tides and then transfused into the patient, resulting in con-
trol of CMV replication in most cases (58). There are no
data available for the SOT population; this may be an ex-
perimental strategy for CMV disease in those who are un-
responsive to standard therapies.

Immune Monitoring
Immune monitoring of CMV-specific T-cell responses

may predict individuals at increased risk of CMV disease
posttransplant and be useful in guiding prophylaxis and pre-
emptive therapies. There are a variety of T-cell assays for
CMV. Most of these assays have been used in experimental
settings, and widespread clinical application is still under in-
vestigation. The majority of assays rely on the detection of
interferon (IFN)-� after stimulation with CMV specific anti-
gens (46 – 48). In addition to IFN-�, other markers, including
interleukin (IL)-2, CD107, tumor necrosis factor-�, pro-
grammed death (PD)-1, and CD154, can be used to correlate
the CMV-specific response with the risk of CMV. An ideal
assay should provide both CMV-specific CD4� and CD8�

T-cell quantitation (number of CMV-specific T cells) and
function (number of CMV-specific cells that are functional).
For ideal clinical application, an assay should be simple to
perform, inexpensive, highly reproducible, and amenable to
either widely available platforms or shipping to specialized
reference laboratories.

Each of the assays currently under investigation have
specific advantages and limitations and have been studied in
various clinical applications to predict disease or viremia
(Table 2). The QuantiFERON-CMV assay (Cellestis Inc.,
Melbourne, Australia) is currently the only commercially
available kit and is an ELISA-based IFN-� release assay that
consists of three tubes: negative control, mitogen or positive
control, and a tube with specific peptides targeting CMV spe-
cific CD8� T cells. The assay has been evaluated in clinical
studies and shown to have some predictive value for disease
(59, 60) but not viremia. Interpretation of the test is unclear if
a posttransplant patient does not respond to the mitogen
control. Nonresponse to mitogen may potentially be a
marker for global immunosuppression, however, and war-
rants further study. Test sensitivity decreases in lymphopenic
patients because an adequate number of cells are required for
the production of IFN-�.

The ELISPOT assay quantitates T-cells producing
IFN-� in response to CMV. Purified peripheral blood mono-
cyte cells (PBMCs) are stimulated with CMV-specific pep-
tides or whole antigen lysates; IFN-� is then captured,
detected, and quantified using a labeled antibody. As with the
QuantiFERON assay, a mitogen control assays general T-cell
responsiveness. The ELISPOT assay cannot differentiate
CD4� and CD8� T cells. Various in-house ELISPOT assays
have been evaluated and shown to be predictive of disease
but not viremia (61). There is currently no standardized
ELISPOT assay commercially available.

Most studies that have analyzed CMV-specific T-cell
responses have used intracellular cytokine staining (ICS) for
IFN-� using flow cytometry. Whole blood or isolated PBMCs
are stimulated with CMV peptides or CMV lysate. If whole
antigen lysate is used, the assay is not human leukocyte anti-
gen (HLA)-restricted and knowledge of patient HLA type is
not required. Stimulated cells are stained with monoclonal
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antibodies directed against IFN-�. This technique is fast, ver-
satile, and can be expanded to include other cytokines and cell
surface molecules. Unlike the ELISPOT assay, ICS (and
QuantiFERON) can provide both quantitative and qualita-
tive characteristics of CMV-specific T cells. Clinical studies
have shown that this technique can predict both CMV disease
and viremia. Several studies in SOT recipients showed an in-
creased risk of CMV disease in patients with low levels of
specific T-cell immunity (62– 64). Similarly, the absence of
anti-CMV T-cell response by this technique correlates with
the inability to clear viremia (62, 65, 66). Stable levels of CMV
specific CD4� T cells were associated with lower risk of CMV
replication (62, 66, 67). The development of T-cell immunity
has also been shown to be associated with freedom from
CMV disease after lung transplantation (68). The predictive
value for viremia may be improved when the analysis of
IFN-� is combined with other cytokines such as IL-2 and
additional markers such as PD-1 (69, 70).

Major histocompatibility complex (MHC)-multimer-
based assays directly stain peptide-specific T cells using
peptide-conjugated MHC class I tetramers or pentamers.
They can determine CD8� T-cell responses but are epitope-
specific and require knowledge of the patient’s HLA type.
Multimer assays combined with analysis of surface markers
such as PD-1 have been shown to predict viremia and CMV
disease (69, 71). Both ICS and MHC-multimer staining re-
quire a fluorescence-activated cell sorting facility, which may
limit widespread use in transplant centers.

The Cylex ImmunKnow assay (Cylex Inc., Columbia,
MD) is not specific for CMV. This assay, which is commer-
cially available in the United States and in some European
countries, measures overall immune response and serves as a
marker of immunosuppression by determining the amount
of ATP produced in response to whole-blood stimulation by
phytohemagglutinin. A Cylex assay specific to CMV is available
for research purposes and has been studied in a cohort of lung

TABLE 2. Advantages and limitations of various assays for immune monitoring of CMV

Assay Advantages Limitations Comments
Predict
viremia

Predict
disease

Intracellular cytokine
staining

Whole-blood assay with low blood
volume (1 mL) or PBMC

Needs access to a flow
cytometer

Most data available with
this technique

Yes Yes

Short incubation time Not standardized Potential to freeze PBMCs
and ship to reference
laboratory for testing

Results available within 24 hr

Knowledge of HLA not necessarily
required

Identification of CD4� and CD8�

T cells

Quantitative and qualitative
characterization

QuantiFERON-CMV
(Cellestis Inc.)

Whole-blood assay with low blood
volume (3 mL)

CD8� responses only Approved in Europe Nodata Yes

Simple to perform Sensitive to lymphopenia

Results available after 30–40 hr Rare patients whose HLA
types are not covered
in assay

Can be performed in any center
and stimulated plasma could be
sent to reference laboratory

ELISPOT Identifies both CD4�/CD8� T cells Need for purified PBMC
from at least 10 mL
blood

Potential to freeze PBMCs
and ship to reference
laboratory for testing

No Yes

Knowledge of HLA not necessarily
required

Cannot differentiate
CD4� and CD8� T
cells

Results available within 30–40 hr Not standardized

MHC multimer
staining

Fast assay (1–2 hr) CD8� responses only Unlikely to be used on a
widespread basis

No No

Whole-blood assay with low blood
volume (0.5–1 mL) or PBMC

Needs access to a flow
cytometer

HLA and epitope specific

No information about
function unless
combined with ICS

Not standardized

Cylex ImmunKnow CD4� response Not specific for CMV Commercially available in
United States

No No

PBMC, peripheral blood monocyte cell; HLA, human leukocyte antigen; CMV, cytomegalovirus; MHC, major histocompatibility complex.

© 2010 Lippincott Williams & Wilkins 783Kotton et al.



transplant recipients to monitor CMV-specific responses over-
time posttransplant (72). This assay has not yet been studied,
however, to determine whether it is predictive of CMV viremia
or disease.

CMV Vaccines
Several CMV vaccines are under development; none

are currently available for routine clinical use. Types of vac-
cines includes live attenuated, DNA, subunit, and recombi-
nant viral vaccines (48). A live attenuated vaccine based on
the Towne strain of CMV was found to be safe during clinical
testing but had a suboptimal antibody response, and al-
though CMV disease was attenuated, the vaccine failed to
prevent infection (73, 74). Recombinant gB vaccine with ad-
juvant has been shown to induce neutralizing antibodies (75)
and prevent infection (76). Canarypox gB and pp65 vaccines
produce T-cell responses and neutralizing antibodies (77,
78). An alphavirus replicon vector system has been used to
produce viral particles expressing gB and pp65/IE-1 fusion
protein; initial studies in mice and rabbits have shown the
development of neutralizing antibodies (79). An adenoviral
chimeric vaccine-based replication deficient adenovirus en-
coding gB and multiple CMV epitopes was able to produce a
robust cellular response and neutralizing antibodies in mice
(80). Currently, clinical trials in HSCT are underway with a
gB/pp65-based DNA vaccine (www.clinicaltrials.gov). A pre-
vious study with this vaccine in both seropositive and sero-
negative healthy volunteers showed promising results (81).
Because CMV vaccines are in a preliminary phase, recom-
mendations for the development and testing of vaccines were
made based on expert opinion.

Consensus Recommendations

• Hypogammaglobulinemia may play a role in CMV dis-
ease posttransplant; the measurement of immunoglobu-
lins may be considered posttransplant if CMV is difficult
to control (II-2).

• Adoptive T-cell therapy has been used on an experimen-
tal basis in HSCT recipients. No clinical studies for CMV
in SOT exist. This is an area where further study is
needed (III).

• An ideal immune monitoring assay should provide
CD4� and CD8� T-cell quantitation and function. Op-
timally, the assay should measure IFN-�; additional
markers such as IL-2, PD-1, CD107, tumor necrosis
factor-� may have predictive value for viremia. Clinically,
an ideal assay should be simple to do, rapid turnaround
time, cost-effective, reproducible, and potentially ame-
nable to allow shipping of specimens to a specialized
referral laboratory (III).

• Current evidence suggests that certain immunologic
monitoring tests can predict risk of CMV viremia and
disease in the postprophylaxis and preemptive setting
(II-2/II-3). Few tests specific for CMV were commer-
cially available at the time of this consensus meeting.

• At present, there are no clinical studies demonstrating
that management decisions based on immunologic
monitoring affect patient outcomes. Therefore, based
on current evidence, immunologic monitoring cannot
be recommended on a routine basis. Studies should be

conducted to understand the role of immune monitor-
ing in making clinical decisions about the prevention
and management of CMV viremia and disease (III).

• CMV vaccines are in preclinical and phase I trials. The
primary goal of a CMV vaccine should be to prevent
CMV viremia or CMV disease and prevent secondary
endpoints such as rejection and graft loss (III). In theory,
it is possible that vaccination may reduce burden of dis-
ease or impact the course of latent CMV infection in
seropositive patients, and vaccination trials should,
therefore, focus both on seronegative and seropositive
recipients (III). Until further evidence is available, no
recommendation can be made with regards to type of
vaccine or timing of vaccination.

PREVENTION OF CMV
CMV prevention strategies have resulted in significant

reductions in CMV disease and CMV-related mortality. The
improvements in the “indirect effects” of CMV infection have
also been attributed to the use of CMV prevention. Two ma-
jor strategies are commonly used for prevention of CMV:
universal prophylaxis and preemptive therapy. Within each
of these strategies, significant variation in clinical practice ex-
ists, and hybrid models using both strategies are possible.

Universal Prophylaxis
Universal prophylaxis involves the administration of

antiviral medication to all patients or a subset of “at-risk”
patients. Antivirals are usually begun in the immediate or
very early posttransplant period and continued for a finite
period of time, often in the range of 3 to 6 months. Several
antivirals have been evaluated for universal prophylaxis, in-
cluding acyclovir, valacyclovir, intravenous (IV) ganciclovir,
oral ganciclovir, and valganciclovir. In early studies, acyclovir
was determined to be inferior to ganciclovir for prevention of
CMV (82). A subsequent large study comparing oral ganci-
clovir with valganciclovir in D�/R� transplant patients
demonstrated equivalent efficacy of the two regimens, al-
though concern was raised regarding an increased incidence
of tissue-invasive disease in the liver transplant patients who
received valganciclovir (83). Late onset CMV disease has been
the most significant finding in all studies evaluating universal
prophylaxis, defined as disease occurring after the discontin-
uation of prophylaxis. In the PV16000 study, late-onset CMV
disease occurred in 18% at 12 months (and in closer to
30% when including investigator treated disease) (83). The
determinants of late-onset CMV disease in patients receiv-
ing prophylaxis have not been fully elucidated, but are
likely related to ongoing significant immunosuppression,
accompanied by a lack of development of significant CMV
specific cell-mediated immunity. Risk factors for late-
onset disease include D�/R� serostatus, higher levels of
immunosuppression, and allograft rejection (84).

Preemptive Therapy
In preemptive therapy, laboratory monitoring is per-

formed at regular intervals to detect early, asymptomatic viral
replication. Once viral replication reaches a certain assay
threshold, and hopefully before the development of symp-
toms, antiviral therapy is initiated to prevent the progression
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to clinical disease. The advantages of preemptive therapy in-
clude more selective drug targeting, decreased drug cost, and
associated toxicities. Theoretically, a preemptive strategy may
promote the development and maintenance of CMV-specific
cell-mediated immunity by allowing low-level viral replica-
tion. Preemptive therapy is more difficult to coordinate be-
cause it requires weekly laboratory monitoring and a short
turnaround time in the laboratory. In addition, optimal
threshold values for antigenemia or viral load are assay de-
pendent and have not been well established. In settings where
viral doubling time is rapid, there may be insufficient time to
diagnose and begin treatment for CMV viremia before the
development of symptoms. One of the major concerns with
preemptive therapy is that it may not prevent the indirect
effects of CMV infection, including effects on graft and pa-
tient survival (85, 86). In addition, second episodes of repli-
cation are observed in approximately 30% of patients treated
for CMV disease, some of which require further therapeutic
intervention (87). Patients who are D�/R�, certain trans-
plant types (e.g., lung) and those on highly potent immuno-
suppression are likely more prone to recurrent episodes of
viremia.

Universal Prophylaxis Versus
Preemptive Therapy

A comparison of universal prophylaxis with preemp-
tive therapy is provided in Table 3. There are only relatively
small comparative trials of the two strategies. In one study
comparing oral ganciclovir prophylaxis to preemptive IV
ganciclovir in kidney transplant patients, prophylaxis re-
duced CMV infection by 65% (13 vs. 33 patients), and graft
survival was improved at 4 years posttransplant suggesting a
possible beneficial effect of prophylaxis (85).

Consensus Recommendations
The majority of consensus conference participants fa-

vored the use of prophylaxis over preemptive therapy in the

highest risk recipients (e.g., D�/R�), based on the available
data suggesting better graft survival and clinical outcomes.
Individual transplant centers should weigh the risks and ben-
efits of each strategy, based on their frequency of CMV dis-
ease, ability to monitor recipients (i.e., logistics), cost of
antiviral medications, frequency of late onset CMV disease,
relapse failure rates with preemptive therapy, and rates of
other opportunistic infections (which may be increased by
CMV disease), graft loss, rejection, and mortality. To mitigate
risk, some centers use a hybrid approach, especially for those
recipients felt to be at high risk for late CMV disease, that is,
preemptive therapy with treatment followed by secondary
prophylaxis or prophylaxis followed by preemptive therapy.

Use of Prophylaxis Versus Preemptive Therapy

• Both universal prophylaxis and preemptive strategies
are viable approaches for prevention of CMV disease (I).

• For the highest risk patients (D�/R�), prophylaxis may
have some advantages over preemptive therapy (II/III).

• Preemptive therapy has not been well studied in some
subpopulations including lung transplant, intestinal
transplant, and pediatric transplant.

Prophylaxis Strategy
When a prophylaxis strategy is used for prevention in

D�/R� patients, the following durations are recommended:

• The duration of prophylaxis in D�/R� patients should be
generally between 3 months (I) and 6 months (I). The de-
cision to use 3 vs. 6 months may depend on degree of im-
munosuppression, including the using of antilymphocyte
antibodies for induction. The Improved Protection Against
Cytomegalovirus in Transplantation (IMPACT) study
compared 100 vs. 200 days of prophylaxis in 316 D�/R�
kidney patients. The incidence of CMV disease was re-
duced from 36.8% to 16.1% (88).

• A minimum of 6 months of prophylaxis is recom-
mended for lung (II-2) and small intestine (III) trans-
plant recipients.

When a prophylaxis strategy is used for prevention in
D�/R� patients, the following antiviral medications are
recommended:

• Kidney transplant: valganciclovir, IV or oral ganciclovir,
or valacyclovir (I).

• Pancreas transplant (including kidney/pancreas): val-
ganciclovir and IV or oral ganciclovir (II).

• Liver transplant: oral ganciclovir (I) or valganciclovir
(III). In a subgroup analysis, valganciclovir was associ-
ated with a higher rate of tissue-invasive disease in liver
transplant recipients (83), but its use is still recom-
mended based on expert opinion; in one survey, it was
the most commonly used drug for CMV prevention in
liver transplant recipients (89).

• Heart transplant: valganciclovir, IV or oral ganciclovir
(II), �CMV immunoglobulin (III).

• Lung transplant: valganciclovir or IV ganciclovir (II),
�CMV immunoglobulin (III).

• Intestinal transplant: valganciclovir, IV or oral ganciclo-
vir, �CMV immunoglobulin (III).

TABLE 3. Comparison of known benefits and
limitations of prophylaxis versus preemptive therapy

Effect Prophylaxis Preemptive

CMV disease ��� ���

Late CMV disease �� �

CMV relapse/treatment failure �� ��

Fewer opportunistic infections ��� �

Improved graft survival �� �

Prevention of rejection �� �

Survival �� �

Other viruses � �

Posttransplant lymphoma � �

Kaposi sarcoma � �

Safety �� ���

Easier logistics ��� �

Lower drug cost � ���

Lower monitoring cost ��� �

Resistant CMV �� �

CMV, cytomegalovirus; �, ease of use and strength of the evidence; ���,
strongest evidence or favors the approach listed; �, no evidence exists.
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When used for prophylaxis, the usual dose of valganci-
clovir is 900 mg a day, versus treatment dose which is 900 mg
twice daily; both should be adjusted for renal function. There
are limited data to support the use of CMV immunoglob-
ulin for prophylaxis when appropriate antivirals are given.
However, some centers use these products in conjunction
with antiviral therapy, especially for thoracic transplant
recipients (III).

Important Considerations for Prophylaxis for
D�/R� Patients

Dosing of antiviral medication should be based on
standard recommended dosing algorithms and adjusted for
renal function. “Mini-dosing” strategies (i.e., valganciclovir
450 mg a day with normal renal function) are not recom-
mended. Most centers do not test for CMV viremia in asymp-
tomatic patients on antiviral prophylaxis. The occurrence of
late-onset disease after discontinuing prophylaxis is an im-
portant issue and is associated with higher rates of mortality
(90) and graft loss (91). Transplant centers should monitor
clinically for signs and symptoms of late-onset CMV disease;
additional strategies to prevent late onset disease may be con-
sidered, including PCR or antigenemia monitoring after
completion of prophylaxis, or prolonging prophylaxis from 3
up to 6 months or longer in certain subgroups of patients.

Prophylaxis of R�

• When a prophylaxis strategy is used for prevention in
R� patients (with either D� or D�), a majority of the
experts felt that 3 months of antiviral medication should
be used for kidney, pancreas, liver, and heart transplant
recipients (I/II).

• In those receiving antilymphocyte antibody induction,
or lung and intestinal transplant recipients, between 3
and 6 months of prophylaxis can be used (III). The same
medications are recommended for this cohort as for
D�R�.

• While D�R� patients are discussed here together with
the D�/R� group, the former group is usually at higher
risk for developing CMV disease.

Prophylaxis of D�R�
In general, this population is at low risk for CMV dis-

ease. Extensive transfusion of blood products increases the
risk of CMV disease (especially if not CMV screened or leu-
kodepleted), and transplant centers may wish to monitor
such recipients with weekly CMV PCR or antigenemia. The
use of leukodepleted blood products and CMV-seronegative
blood products is recommended for these recipients to de-
crease the risk of transfusion transmitted CMV (II). Some
transplant centers may give CMV antiviral prophylaxis in pa-
tients who receive extensive transfusions (III).

• Antiviral prophylaxis against other herpes infections
(varicella and herpes simplex) should be considered.

Preemptive Therapy Strategy

• When a preemptive therapy strategy is used, it is recom-
mended that the center develop and validate their local
protocol. Because preemptive therapy relies on labora-

tory monitoring, it is important that an appropriate
threshold value be chosen for the specific assay that is
used. There is currently insufficient evidence to recom-
mend universal threshold values for assays that are used
in preemptive therapy. For optimal preemptive therapy,
there was strong consensus that kidney, pancreas, liver,
and heart transplants should be monitored by either
CMV PCR or antigenemia every week for 3 months after
transplant.

• Once a certain positive threshold (variable by assay
used) is reached, therapy with treatment dose (not pro-
phylactic dose) valganciclovir (I) or IV ganciclovir (I)
should be started and continued until one or two nega-
tive tests are obtained. Testing while on treatment is of-
ten performed once or twice a week.

• Whether to reinitiate subsequent monitoring or second-
ary antiviral prophylaxis after the end of treatment
should be an institutional decision. Occasional low-level
unsustained viremia (i.e., below the institutional thresh-
old for preemptive treatment) may be seen and should
not result in the initiation of antiviral treatment unless
the patient is symptomatic; such low viremia may re-
spond to a reduction in immunosuppression.

Prevention During Treatment of Rejection

• There was consensus that treatment of rejection with
antilymphocyte antibodies in at-risk recipients should
result in reinitiation of prophylaxis or preemptive ther-
apy for 1 to 3 months (II/III); a similar strategy may be
considered during treatment of rejection with high-dose
steroids (III).

CMV TREATMENT
IV ganciclovir has been the “gold standard” for treat-

ment of CMV disease for some years. Previously, foscarnet
was commonly used but toxicity generally limits use in SOT
recipients, especially the nephrotoxic effect in those receiving
concomitant calcineurin inhibitors (92). The Valcyte in
CMV-disease Treatment of solid Organ Recipients (VICTOR)
trial recently showed that oral valganciclovir is noninferior to
IV ganciclovir for treatment of CMV disease in a population
of SOT recipients (74% of whom were renal transplant recip-
ients) with generally nonlife-threatening disease as deter-
mined by the investigator (48% had CMV syndrome and 49%
had tissue-invasive CMV disease) (33). In patients with life-
threatening CMV disease and in children, IV ganciclovir is
still the preferred drug, because data on the effect of oral
treatment are limited. IV ganciclovir should also be used in
patients who do not tolerate oral treatment or when absorp-
tion of valganciclovir is suboptimal.

It is important to give appropriate doses of valganciclo-
vir or ganciclovir. Inadequate dosing may result in lack of
clinical efficacy and promote resistance (93). Supratherapeu-
tic doses may result in toxicity (94). Twice daily dosing should
be used for treatment of disease in patients with normal renal
function. Once daily dosing is appropriate for secondary pro-
phylaxis (see later). Optimal length of treatment should be
achieved by monitoring weekly viral loads and treating until
one or two consecutive negative samples are obtained, but
not shorter than 2 weeks. With this treatment algorithm, the
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risk for development of resistance and recurrence of CMV
disease is minimized (87, 95, 96). The use of secondary pro-
phylaxis is variable across transplant centers, but it is often
recommended (range 1–3 months) (87, 33). Duration should
reflect the likelihood of recurrent CMV infection. In cases of
serious disease and in tissue-invasive disease without viremia,
longer treatment periods with clinical monitoring of the spe-
cific disease manifestation are recommended. In cases of re-
current CMV disease, prophylaxis after retreatment may
need to be prolonged.

Clinical trials over the years have established several
risk factors for recurrence of CMV include: primary CMV
infection (e.g., CMV IgG seronegative at start of treatment of
CMV disease), deceased donor transplantation, high baseline
viral load, persistent viremia when transferred to secondary
prophylaxis, multiorgan disease, and treatment of rejection
(87, 96 –98). Knowledge of these risk factors allows for some
individualization of the treatment, but only as a supplement
to clinical and virologic monitoring of the patient.

Consensus Recommendations

• For nonsevere CMV disease, oral valganciclovir (900 mg
orally every 12 hr) or IV ganciclovir (5 mg/kg every 12
hr) are recommended as first-line treatment (I, [33]). In
children, in patients with severe or life-threatening dis-
ease, and when the oral formulation of the drug is not
tolerated or its absorption may be suboptimal, IV gan-
ciclovir should be used, because there are no efficacy
data for oral treatment in these cases (III). Conversion
between the two drugs (i.e., from IV ganciclovir to oral
valganciclovir) may be performed without dosing inter-
ruption (III). Oral ganciclovir, acyclovir, or valacyclovir
should not be used for treatment of CMV disease (III).
Renal function should be monitored frequently during
treatment, with estimated or measured glomerular fil-
tration rate. The doses should be adjusted as per the
package label (noting that there are different cutoffs for
IV ganciclovir and oral valganciclovir) (II-1, [99]). Dose
reduction of antiviral treatment due to side effects such
as leukopenia should be avoided as much as possible. A
reduction of mycophenolic acid products, mammalian tar-
get of rapamycin inhibitors, azathioprine, and possibly also
trimethoprim-sulfamethoxazole dosages should be con-
sidered before valganciclovir/ganciclovir reduction (III).
Granulocyte colony-stimulating factor (G-CSF) may be
considered for severe leukopenia, especially if the absolute
neutrophil count is less than 1000/mm3 (III). Redosing of
G-CSF depends on individual response to therapy.

• Treatment with twice daily valganciclovir or IV ganci-
clovir should be continued until viral eradication is
achieved, but not shorter than 2 weeks (II-1, [23, 87,
33]). Risk factors indicating a possible need for longer
treatment length are CMV IgG seronegativity and high
baseline viral load at the start of treatment (II-1, [33]).
Secondary prophylaxis with 900 mg valganciclovir once
daily for 1 to 3 months may be given, with the longer
duration deployed in high-risk patients (II-3, [33]); dose
adjustment based on estimated or measured renal func-
tion should be made per the package insert.

• Laboratory monitoring of CMV should be applied
weekly during the treatment phase with a QNAT or
antigenemia-based assay to monitor response and the
possible development of resistance (II-1, [23, 33]).
Trends of serial monitoring are easier to interpret than
an individual test result. Two consecutive negative sam-
ples (preferably sampled one week apart) ensure viral
clearance (III). Periodic viral load monitoring should
also be performed during secondary prophylaxis (III);
the correct time interval for monitoring is not known,
but more frequent monitoring should be done in
those at high risk for breakthrough disease. Because
the lower limits of detection of QNAT assays are vari-
able, “undetectable” is an assay-specific term. At
present, when using extremely sensitive viral load as-
says (which may detect latent virus), it is not known
whether treatment to “undetectable” QNAT viral load
is required to minimize relapse risk.

• Dose reduction of the immunosuppressive therapy
should be individualized but should be considered in
severe CMV disease, in nonresponding patients, in
patients with high viral loads, and with leukopenia
(II-2, [100]). If the immunosuppressive therapy is re-
duced, clinicians may wish to return to standard im-
munosuppressive treatment when adequate clinical
and viral response is obtained (III). In case of recur-
rent CMV disease, a general evaluation of the overall
immunosuppressive status of the patient should be
performed and immunosuppression adjusted when
indicated (III).

• The role of CMV immunoglobulin in the treatment of
CMV disease is unclear. It may be considered as adjunc-
tive therapy for severe forms of CMV disease such as
pneumonitis (III).

ANTIVIRAL DRUG RESISTANCE

Risk Factors for CMV Drug Resistance, Observed
Frequency, and Clinical Consequences

Published series identify the risk factors for drug resis-
tance as prolonged antiviral drug exposure (usually several
months, median is 5 to 6 months) and ongoing active viral
replication as permitted by host immunosuppression or im-
munodeficiency, lack of prior CMV immunity (D�R�), or
inadequate antiviral drug delivery as with oral ganciclovir
(evidence II-2) (92, 101–105). Among adult SOT recipients,
ganciclovir resistance occurs overwhelmingly in the D�R�
subset where the usual incidence of resistance is 5% to 10%
(92, 102) and seems to be higher in lung transplant recipients
(103, 106). There are no large studies comparing the out-
comes of infection with drug-resistant versus drug-sensitive
CMV strains. Reported outcomes of drug-resistant CMV in-
fection range from asymptomatic to severe or fatal disease
(92, 102, 107, 108). Tissue-invasive CMV disease is frequently
encountered in those who are infected with drug-resistant
virus. Virulent disease is common despite potential loss of
viral fitness due to the resistance mutation(s) present (93).

Diagnosis of Drug Resistance
Antiviral drug resistance is suspected when increasing

or high-level CMV viremia or progressive clinical disease is
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observed during prolonged antiviral therapy. The in-
creases in viral loads, especially in the first weeks of treat-
ment, are not reliable indicators of drug resistance (109).
Although the clinical risk factors for drug resistance are
becoming better defined, accurate diagnosis requires diag-
nostic laboratory testing.

The traditional plaque reduction (phenotypic) sensi-
tivity assay is used to determine the drug concentration re-
quired to inhibit the growth of a viral isolate by 50% (IC50).
This assay is impractical for routine patient care, because of
technical complexity, difficulties with standardization, and
slow turnaround time (at least several weeks). Phenotypic
assays are required as reference standards for comparing the
drug sensitivity of viral strains, assessing the significance of
previously uncharacterized mutations, and setting cutoff cri-
teria for diagnosing viral drug resistance.

Genotypic assays for rapid antiviral resistance testing
are useful to identify characteristic viral mutations indicative
of drug resistance. Such assays are being performed by an
increasing number of commercial laboratories and can be
performed on viral sequences directly amplified from blood
(whole blood, plasma, and PBMC), fluids (CSF and bron-
choalveolar lavage), tissue specimens, or CMV culture iso-
lates. The turnaround time for such assays varies depending
on the laboratory and geographical constraints. There are a
few reports of discordant resistance mutations in different
body compartments (110). This testing is more reliable if the
CMV load in the specimen is at least 1000 copies/mL. Stan-
dard sequencing technologies enable the detection of a mu-
tant viral sequence when it increases to approximately 20% of
the total sequence population (111). Amplification directly
from clinical specimens allows determination of the UL97
kinase (codons 400 – 670) and (optionally) the UL54 pol
(codons 300 –1000) sequences. A large and evolving database
of characterized CMV drug resistance mutations has been
accumulated (112–115). Existing data indicate that more
than 90% of ganciclovir-resistant CMV isolates contain UL97
mutations at codons 460, 520, or 590 to 607. Mutations

M460V/I, C592G, A594V, L595S, and C603W are the most
common and confer a 5- to 10-fold increase in ganciclovir
IC50, except for C592G that confers only approximately a
2.5-fold increased IC50, considered low-grade resistance. Less
common sequence changes at codons 590 to 607 may confer
various degrees of ganciclovir resistance or no significant re-
sistance. In the viral DNA polymerase gene (UL54, pol), drug
resistance mutations tend to occur in the conserved func-
tional domains and may confer resistance to any or all of the
current drugs ganciclovir, foscarnet, or cidofovir. Mutations
that confer ganciclovir and cidofovir resistance are clustered
in the exonuclease domains and region V, whereas those con-
ferring foscarnet resistance are often located in or between
regions II, III, and VI. Some foscarnet resistance mutations in
region III confer a low-grade ganciclovir cross-resistance. In
patients initially treated with ganciclovir, UL97 mutations
usually appear first, followed later by the addition of pol
mutations that confer increased ganciclovir resistance and
cross-resistance to cidofovir or foscarnet (116 –118). When
interpreting genotypic assays, it is important to distinguish
baseline sequence polymorphisms of CMV strains (119, 120)
from mutations that are proven to confer drug resistance
(121, 122). The status of many observed sequence changes in
UL97 and pol remain unresolved.

Selection of Alternate Therapy for
Drug-Resistant CMV

No controlled trial data support a best practice for se-
lection of alternate therapy when evidence of drug resistance
is present. An algorithm is proposed (Fig. 1) based on con-
sensus opinion assembled for this publication (III). Clini-
cally, antiviral drug resistance is suspected when high or
rising viral loads and progressive CMV disease are observed
after substantial cumulative antiviral drug exposure and sev-
eral weeks of antiviral therapy. This finding is sometimes
called “clinical resistance,” but many such cases reveal no
virologic (genotypic or phenotypic) evidence of drug resis-
tance, especially when the duration of drug exposure is less

FIGURE 1. Suggested algorithm
for management of suspected CMV
drug resistance. Treatment selec-
tion is affected by host risk factors,
immune competence, viral loads,
disease severity, and dose-limiting
toxicities (see text). CMV, cytomeg-
alovirus; GCV, ganciclovir; FOS,
foscarnet; CDV, cidofovir.
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than several months. Antiviral therapy may be insufficient to
suppress viral replication in the presence of adverse host fac-
tors (e.g., immune impairment, inadequate drug levels), in-
dependent of viral drug resistance. In this situation, the first
recommended therapeutic change is to decrease immuno-
suppressive therapy to the lowest feasible amount. Then, de-
pending on the severity of the CMV disease (whether life or
sight threatening) and host risk factors (D�R�, lung trans-
plantation, and severe immunosuppression), an empiric
therapy is begun, pending return of genotypic resistance test
data. In a high-risk clinical setting, empiric combination gan-
ciclovir and foscarnet therapy is reasonable (at either partial
or standard doses) (123, 124) or foscarnet alone. Alterna-
tively, for more mild CMV disease, ganciclovir can be in-
creased to higher than standard doses (up to 10 mg/kg twice
daily for normal renal function).

If genotypic resistance testing reveals a major UL97
mutation (�5-fold increased ganciclovir resistance), a switch
to foscarnet is suggested. UL97 mutations conferring lesser
degrees of resistance may permit the continued use of ganci-
clovir at higher doses (125) (between 5 and 10 mg/kg twice
daily for normal renal function), but genotypic testing for a
viral UL54 pol mutation is suggested. If a pol mutation is
present that confers added ganciclovir resistance (and usually
cidofovir cross-resistance), switching to foscarnet is recommended.
Because of the demonstrated frequency of ganciclovir-cidofovir
cross-resistance from pol mutations, cidofovir is not recom-
mended as an alternate therapy for ganciclovir-resistant
CMV, unless pol mutations are shown to be absent and the
disease is not clinically severe. There is little information on
the efficacy of cidofovir in SOT; its use in HSCT gave mixed
results (126). Additional guidance appears in Figure 1.

Adjunctive Therapy
Adjunctive treatments, defined as those without a spe-

cific CMV antiviral drug target, have not been adequately
evaluated. Immunoglobulins containing CMV antibodies
and adoptive infusions of CMV-specific T-cells (58) may im-
prove antiviral host defenses. Several small molecule drugs,
including sirolimus (127, 128), leflunomide, and artesunate
(129), have shown anti-CMV effects, probably by altering
host cell physiology to a less permissive condition for viral
replication (130). Leflunomide was reported to clear CMV
viremia in a HSCT and renal transplant recipients with drug-
resistant CMV (130, 131), but also to have failed in another
HSCT recipient (132). Prolonged leflunomide treatment may
be needed to clear CMV viremia (133).

Experimental CMV Antiviral Agents
Maribavir (MBV) is an orally administered benzimid-

azole L-riboside that is a potent inhibitor of the CMV UL97
kinase (134, 135). A phase II trial showed significant reduc-
tion of active CMV infection when MBV was given as pro-
phylaxis after HSCT (136). Phase III trials were initiated to
confirm this effect in larger groups of HSCT and liver trans-
plant recipients, but they were halted when MBV was found
to have similar outcomes compared with placebo in HSCT.
Because there is no known cross-resistance between current
drugs and MBV (137), it has been used as salvage therapy for
those who have developed multidrug resistant CMV infec-
tion, with too few cases to assess efficacy.

Future Research and Clinical Practice Needs
Because of the relative infrequency of CMV drug resis-

tance, adequate prospective studies have not been performed
to define the outcomes of drug-resistant CMV. Genotypic
resistance testing needs to be made more widely available,
with improved interpretation of the degree of resistance con-
ferred to various drugs by the mutations present in a given
clinical specimen. A validated and continuously updated
public database of these mutations would be a valuable re-
source. New therapeutic options lacking cross-resistance with
current drugs are needed.

Consensus Recommendations
Figure 1 explains the management of suspected ganci-

clovir resistance (III).

PEDIATRIC ISSUES IN CMV MANAGEMENT
Management of CMV infection and disease in pediatric

organ transplant recipients presents a number of specific
challenges. The pediatric group considered and adopted is-
sues that were common to both children and adults, taking
into account existing guidelines (138, 139). For the purposes
of this document, the pediatric age group was defined as 12
years or less. It should be noted that this age cutoff will not be
applicable to all children, taking into account other factors,
including body weight.

Current Burden of CMV-Associated Disease
in Children

CMV infection and disease remain important causes of
morbidity and occasional mortality among pediatric organ
transplant recipients. Data on the precise burden in pediatric
organ transplant recipients are limited, however, by wide
differences in data collection and reporting. In addition, non-
uniform approaches to the laboratory diagnosis and defini-
tion of CMV disease in retrospective studies affect the ability
to interpret available data. In five centers in the United States,
10% to 20% of liver transplant patients experienced CMV
disease within 2 years after transplantation (140). These pa-
tients had received 2 weeks of prophylaxis with ganciclovir
with or without immune globulin. A review of first-time pe-
diatric lung transplant patients indicated that among at-risk
subjects, the incidence of CMV viremia was 29% to 32%,
whereas that of CMV pneumonitis was 20% in the first year
after transplantation (141, 142).

Primary Risk Factors for the Development of
CMV Disease in Children

Adult and pediatric patients share similar risk factors
for the development of CMV disease after transplantation
(143). Compared with adult transplant recipients, children
have an increased likelihood of acquiring primary CMV in-
fection because children are more often CMV naïve at the
time of transplant. Characterizing donor and recipient
serostatus in children less than 18 months of age is compli-
cated by the variable persistence of transplacental maternal
CMV antibodies. CMV D�R� pediatric SOT recipients re-
main at ongoing risk of de novo infection due to environmen-
tal CMV exposures in the posttransplant period. In addition,
leukocyte-reduced or CMV-negative blood products should
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be considered for special populations (e.g., bowel, lungs, and
hearts) and in CMV D�/R� patients. Similar to adult SOT
recipients, pediatric patients who receive antilymphocyte
globulin or OKT3 for rejection are at increased risk of CMV
disease. Of special note, the implications of starting children
with developing immune systems on immunosuppression
are unclear and are in need of further study, as it has been
observed by some experts that young children may seem to be
more immunosuppressed than what would be predicted
from the dose of immunosuppressive drugs received.

Optimal Methods for the Diagnosis of Pediatric
CMV Infection/Disease

The approach to the diagnosis of CMV infection/dis-
ease in children is similar to that among adults (143), with a
few caveats. The amount of blood obtained by venipuncture
may be limited (thus QNAT may be easier than antigenemia).
In children, some invasive diagnostic procedures are more
difficult (e.g., transbronchial biopsies in young infants).

Prevention of Pediatric CMV Disease
Both preemptive therapy and antiviral prophylaxis are

used to prevent CMV infection in pediatric SOT recipients.
Data on the use of preemptive IV or oral therapy to prevent
CMV disease in this population are lacking. In general, there
is more collective experience with IV ganciclovir for preemp-
tive treatment in children.

Antiviral prophylaxis is more commonly used and in-
cludes both IV ganciclovir and oral valganciclovir. IV ganci-
clovir is usually dosed at 5 mg/kg per day; some centers start
with 10 mg/kg in two divided doses for the initial 2 weeks of
the prophylaxis period. Prolonged IV ganciclovir (12 weeks)
has been used safely in pediatric transplant recipients (144).
Valganciclovir has emerged as a viable option for prevention
of CMV infection in adult SOT recipients, and emerging data
in pediatric patients help to address issues relating to formu-
lation and pharmacokinetics (145–147). Data regarding the
efficacy of valganciclovir in pediatric SOT recipients in these
situations are still necessary, particularly due to the potential
for inadvertently achieving low levels and the risk of ganciclo-
vir resistance. Prolonged valganciclovir use has not been the
subject of randomized studies in children, but it has been
evaluated in individuals older than 16 years (88). Absorption
issues might be of particular concern in bowel transplant re-
cipients. Valganciclovir use is more likely to be associated
with prolonged courses compared with the IV route due to
convenience. This is of theoretical concern, given the known
carcinogenicity in animals at high doses and unknown con-
sequences of prolonged ganciclovir therapy in young in-
fants (Product Monograph Cytovene; Genentech, formerly
Hoffmann-La Roche Limited, Basel, Switzerland).

CMV immunoglobulin is sometimes used with antivi-
rals for the prevention of CMV infection and disease after
pediatric organ transplantation. Evidence is often extrapo-
lated from data derived from adult populations. A recently
published meta-analysis of randomized trials demonstrated a
beneficial effect of prophylactic CMV immunoglobulin on
total survival and prevention of CMV-associated death in
SOT recipients except kidney transplant recipients (148). The
occurrence of CMV disease was significantly less in all recip-
ients receiving prophylactic CMV immunoglobulin, but it

had no effect on CMV-infections and clinically relevant rejec-
tions. None of these trials compared the efficacy of CMV
immunoglobulin with ganciclovir or valganciclovir. Limited
published data address the potential benefit of the addition of
CMV immunoglobulin to ganciclovir in the prevention of
CMV. In one pediatric study that primarily targeted Epstein-
Barr virus, the addition of CMV immunoglobulin to 2 weeks
of IV ganciclovir did not seem to have a significant impact on
the development of CMV disease, although there was a trend
toward a higher 2-year CMV disease-free rate in R� children
(140). In another randomized trial that also targeted Epstein-
Barr virus (149), CMV infection (but not disease) developed
in 18.8% of pediatric patients receiving ganciclovir alone and
5.6% in those given ganciclovir with CMV immunoglobulin;
this difference was not statistically significant. Despite the
lack of available data, many pediatric centers currently use
CMV immunoglobulin as part of their CMV preventive strat-
egies. This is evidenced by a recent survey of eight pediatric
lung transplant programs that indicated that 50% use CMV
immunoglobulin as a part of a CMV prevention strategy that
also includes the use of ganciclovir (150). Overall, there are no
large randomized trials that show CMV immunoglobulin is
of benefit when standard antiviral prophylaxis is used.

Treatment of Pediatric CMV Disease
In the treatment of CMV disease in children, there is a

profound lack of data on which to base firm recommenda-
tions, notably as this relates to the role of IV versus oral ther-
apy. Many principles that guide therapy are similar to those
among adults and are outlined elsewhere in this document.
The concept of initial treatment followed by secondary pro-
phylaxis is advocated by some experts (151).

Ganciclovir Resistance in Pediatric
Organ Transplant

Because of the high likelihood of CMV D�R� status in
children, ganciclovir resistance is of significant theoretical
concern (115). Based on data from children with severe com-
bined immunodeficiency states and pediatric HSCT recipi-
ents, there are anecdotal reports of the rapid emergence of
resistance to ganciclovir. There are few reports, however, de-
scribing ganciclovir resistance among pediatric SOT recipi-
ents. It is unclear if this is due to low resistance burden, lack of
generated data, or underreporting. Similar to adult patients,
the currently available agents for the treatment of ganciclovir-
resistant CMV in children include foscarnet and cidofovir.
The use of these agents is limited by nephrotoxicity. Other
investigational agents, with little or no pediatric data, include
MBV, leflunomide, and artesunate.

Consensus Recommendations
While recognizing that the ability to generate pediatric

data is challenging, it is recommended that:

• Given the challenge of characterizing donor and recipi-
ent serostatus in those less than 18 months of age, risk
assessment in this age group should assume the highest
risk level for purposes of CMV prevention (III). Donors
who are less than 18 months of age should be regarded as
CMV seropositive if the CMV serologic test is positive.
Similarly, any CMV seropositive recipient who is less
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than 18 months of age should be assumed to be seroneg-
ative, as maternal antibody may account for this finding.
CMV urine culture or QNAT should be obtained from
seropositive recipients less than 18 months of age, be-
cause a positive result would confirm prior CMV expo-
sure. Negative CMV urine culture, however, may result
from intermittent shedding of virus.

• In general, the principles that guide the use of prophylaxis
in adults are similar in children as defined by CMV donor
and recipient serostatus. Table 4 provides a suggested ap-
proach to CMV prevention with antivirals�CMV immu-
noglobulin in children. CMV D�R� patients are excluded
given the low risk (�5%) of CMV disease. Recommended
regimens are largely based on expert opinion and extrapo-
lation from adult studies.

• Prophylaxis is preferred over preemptive treatment for the
majority of pediatric patients (III). Most experts recom-
mend at least 3 months of prophylaxis. Shorter courses are
used in some centers. Longer durations have been evalu-
ated in adults (I) and represent acceptable alternate courses
of action for children (III). A valganciclovir-dosing algo-
rithm that adjusted for body surface area and renal func-
tion and which provided ganciclovir exposures similar to
those established as safe and effective in adults has been
published recently (146). The dosing, pharmacokinetics,
and efficacy of CMV prevention using valganciclovir re-
quire further study in children. Use of this agent may be
considered for CMV prophylaxis in older children more
than 12 years of age (III).

• The initial treatment of CMV disease in children should
be with IV ganciclovir at a dose of 5 mg/kg every 12 hr
(II-3). In situations where secondary prophylaxis is
used, IV ganciclovir is preferred (5 mg/kg/day; II-3).
Given the absence of prospective data, no firm recom-
mendations can be made regarding the use of oral ther-
apy for the treatment of CMV disease in children (III).
Some experts consider oral therapy for some older chil-
dren and adolescents toward the end of their treatment
courses (III).

• CMV immunoglobulin is recommended for the treat-
ment of CMV pneumonitis and enteritis in children and
for hypogammaglobulinemia (II-2). For other clinical
entities, CMV immunoglobulin is recommended on a
more selective basis (III).

• Studies of the indirect effects of CMV are needed, given
the uncertain impact in pediatrics (III).
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Recommended regimen (s)

(see text for doses)
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PO valganciclovira �10 wk
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Some centers use 2–4 wk of prophylaxis
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Some centers use 2–4 wk of prophylaxis
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IV ganciclovir �12 wk Some centers use 2–4 wk of prophylaxis,
and some centers extend prophylaxis
to 6 mo

Some experts recommend CMV immunoglobulin for intermediate and higher risk recipients, but there are no randomized studies indicating that CMV
immunoglobulin is any better than ganciclovir or valganciclovir alone. When used, it is more consistently given to D�R� small bowel, lung, and heart
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Introduction

All drugs have the potential to cause side effects, also known as 'adverse drug reactions', but not
all of these are allergic in nature. Other reactions are idiosyncratic, pseudo-allergic or caused by
drug intolerance. The British Society for Allergy and Clinical Immunology (BSACI) defines drug
allergy as an adverse drug reaction with an established immunological mechanism. The
mechanism at presentation may not be apparent from the clinical history and it cannot always be
established whether a drug reaction is allergic or non-allergic without investigation. Therefore,
this guideline has defined drug allergy as any reaction caused by a drug with clinical features
compatible with an immunological mechanism.

Hospital Episode Statistics from 1996 to 2000 reported that drug allergies and adverse drug
reactions accounted for approximately 62,000 hospital admissions in England each year. There
is also evidence that these reactions are increasing: between 1998 and 2005, serious adverse
drug reactions rose 2.6-fold. Up to 15% of inpatients have their hospital stay prolonged as a
result of an adverse drug reaction.

About half a million people admitted to NHS hospitals each year have a diagnostic 'label' of drug
allergy, with the most common being penicillin allergy. About 10% of the general population claim
to have a penicillin allergy; this has often been because of a skin rash that occurred during a
course of penicillin in childhood. Fewer than 10% of people who think they are allergic to
penicillin are truly allergic. Therefore, penicillin allergy can potentially be excluded in 9% of the
population. Studies have shown that people with a label of penicillin allergy are more likely to be
treated with broad-spectrum, non-penicillin antibiotics, such as quinolones, vancomycin and
third-generation cephalosporins. However, use of these antibiotics in people with an
unsubstantiated label of penicillin allergy may lead to antibiotic resistance and, in some cases,
sub-optimal therapy.

Allergic reactions to non-steroidal anti-inflammatory drugs (NSAIDs), such as ibuprofen,
diclofenac, naproxen and aspirin, are common. In particular, 5–10% of people with asthma are
affected. About one-third of people with chronic urticaria have severe reactions to NSAIDs,
involving angioedema and anaphylaxis.

Anaphylaxis-type reactions occur in approximately 1 in 1000 of the general population.
Anaphylaxis during general anaesthesia occurs in 1 in 10,000–20,000 anaesthetics. These
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patients may be denied general anaesthesia in the future unless a safe combination of drugs can
be identified.

Major issues identified by this guideline include poor clinical documentation of drug allergy and a
lack of patient information. Computerised primary care record systems are often unable to
distinguish between intolerance and drug allergy and this can lead to a false label of drug allergy,
particularly if the person's reaction took place many years previously and details about their
reaction have been lost. Furthermore, there is no routine system in place for people to keep a
record of their own drug allergies. This can lead to confusion over which drugs can be taken
safely and can result in people inadvertently taking a drug they are allergic to, particularly when
buying over-the-counter preparations from a pharmacy.

Analysis of patient safety incidents reported to the National Reporting and Learning System
between 2005 and 2013 identified 18,079 incidents involving drug allergy. These included
6 deaths, 19 'severe harms', 4980 'other harms' and 13,071 'near-misses'. The majority of these
incidents involved a drug that was prescribed, dispensed or administered to a patient with a
previously known allergy to that drug or drug class.

Diagnosing drug allergy can be challenging and there is considerable variation both in how drug
allergy is managed and in access to specialist drug allergy services. This can lead to under
diagnosis, misdiagnosis and self-diagnosis. This variation may be caused by insufficient
awareness of available services or by a lack of local provision of drug allergy centres. Some
people are never offered referral to specialist services and instead stay in primary care while
others have their drug allergy managed in other disciplines. Therefore, only a small proportion of
people are treated in specialist allergy centres.

In view of the variation in provision of care for people with drug allergy, the scope of this
guideline identified a need for guidance to improve clinical management for people affected by
drug allergy. This guideline has been developed for use by healthcare professionals at all levels
of healthcare and offers best practice advice on the diagnosis, documentation and
communication of drug allergy in adults, children and young people.

Safeguarding children

Remember that child maltreatment:
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is common

can present anywhere, such as emergency departments and primary care or on home visits.

Be aware of or suspect abuse as a contributory factor to or cause of the symptoms or signs of
drug allergy in children. Abuse may also coexist with drug allergy. See the NICE guideline on
child maltreatment for clinical features that may be associated with maltreatment.

This section has been agreed with the Royal College of Paediatrics and Child Health.

Drug recommendations

The guideline will assume that prescribers will use a drug's summary of product characteristics to
inform decisions made with individual patients.
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Patient-centred care

This guideline offers best practice advice on the care of adults, children and young people with
suspected or confirmed drug allergy.

Patients and healthcare professionals have rights and responsibilities as set out in the NHS
Constitution for England – all NICE guidance is written to reflect these. Treatment and care
should take into account individual needs and preferences. Patients should have the opportunity
to make informed decisions about their care and treatment, in partnership with their healthcare
professionals. If the patient is under 16, their family or carers should also be given information
and support to help the child or young person to make decisions about their treatment.
Healthcare professionals should follow the Department of Health's advice on consent. If
someone does not have capacity to make decisions, healthcare professionals should follow the
code of practice that accompanies the Mental Capacity Act and the supplementary code of
practice on deprivation of liberty safeguards.

NICE has produced guidance on the components of good patient experience in adult NHS
services. All healthcare professionals should follow the recommendations in Patient experience
in adult NHS services.

If a young person is moving between paediatric and adult services, care should be planned and
managed according to the best practice guidance described in the Department of Health's
Transition: getting it right for young people.

Adult and paediatric healthcare teams should work jointly to provide assessment and services to
young people with drug allergies. Diagnosis and management should be reviewed throughout
the transition process, and there should be clarity about who is the lead clinician to ensure
continuity of care.
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Key priorities for implementation

The following recommendations have been identified as priorities for implementation. The full list
of recommendations is in section 1.

Assessment

When assessing a person presenting with possible drug allergy, take a history and
undertake a clinical examination. Use the following boxes as a guide when deciding whether
to suspect drug allergy.

Boxes 1–3 Signs and allergic patterns of suspected drug allergy with timing
of onset[1]

Box 1 Immediate, rapidly evolving reactions

Anaphylaxis – a severe multi-system
reaction characterised by:

erythema, urticaria or angioedema and

hypotension and/or bronchospasm

Urticaria or angioedema without systemic
features

Exacerbation of asthma (for example, with
non-steroidal anti-inflammatory drugs
[NSAIDs])

Onset usually less than 1 hour after drug
exposure (previous exposure not always
confirmed)

Box 2 Non-immediate reactions without systemic involvement

Widespread red macules or
papules (exanthema-like)

Fixed drug eruption (localised
inflamed skin)

Onset usually 6–10 days after first drug exposure or
within 3 days of second exposure

Drug allergy: diagnosis and management of drug allergy in adults,
children and young people

NICE clinical
guideline 183

© NICE 2014. All rights reserved. Last modified September 2014 Page 8 of 36

http://publications.nice.org.uk/drug-allergy-diagnosis-and-management-of-drug-allergy-in-adults-children-and-young-people-cg183/recommendations


Box 3 Non-immediate reactions with systemic involvement

Drug reaction with eosinophilia and systemic
symptoms (DRESS) or drug hypersensitivity
syndrome (DHS) characterised by:

widespread red macules, papules or erythroderma

fever

lymphadenopathy

liver dysfunction

eosinophilia

Onset usually 2–6 weeks after first
drug exposure or within 3 days of
second exposure

Toxic epidermal necrolysis or Stevens–Johnson
syndrome characterised by:

painful rash and fever (often early signs)

mucosal or cutaneous erosions

vesicles, blistering or epidermal detachment

red purpuric macules or erythema multiforme

Onset usually 7–14 days after first
drug exposure or within 3 days of
second exposure

Acute generalised exanthematous pustulosis (AGEP)
characterised by:

widespread pustules

fever

neutrophilia

Onset usually 3–5 days after first
drug exposure
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Common disorders caused, rarely, by drug allergy:

eczema

hepatitis

nephritis

photosensitivity

vasculitis

Time of onset variable

Documenting and sharing information with other healthcare
professionals

Documenting new suspected drug allergic reactions

When a person presents with suspected drug allergy, document their reaction in a structured
approach that includes:

the generic and proprietary name of the drug or drugs suspected to have caused the
reaction, including the strength and formulation

a description of the reaction (see recommendation 1.1.1)

the indication for the drug being taken (if there is no clinical diagnosis, describe the
illness)

the date and time of the reaction

the number of doses taken or number of days on the drug before onset of the reaction

the route of administration

which drugs or drug classes to avoid in future.
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Maintaining and sharing drug allergy information

Prescriptions (paper or electronic) issued in any healthcare setting should be standardised
and redesigned to record information on which drugs or drug classes to avoid to reduce the
risk of drug allergy.

Check a person's drug allergy status and confirm it with them (or their family members or
carers as appropriate) before prescribing, dispensing or administering any drug (see also
recommendation 1.3.4). Update the person's medical records or inform their GP if there is a
change in drug allergy status.

Providing information and support to patients

Discuss the person's suspected drug allergy with them (and their family members or carers
as appropriate) and provide structured written information (see recommendation 1.2.3).
Record who provided the information and when.

Ensure that the person (and their family members or carers as appropriate) is aware of the
drugs or drug classes that they need to avoid, and advise them to check with a pharmacist
before taking any over-the-counter preparations.

Providing information and support to people who have had specialist drug
allergy investigations

Allergy specialists should give the following written information to people who have
undergone specialist drug allergy investigation:

the diagnosis – whether they had an allergic or non-allergic reaction

the drug name and a description of their reaction (see recommendation 1.1.1)

the investigations used to confirm or exclude the diagnosis

drugs or drug classes to avoid in future

any safe alternative drugs that may be used.
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Non-specialist management and referral to specialist
services

General

Refer people to a specialist drug allergy service if they have had:

a suspected anaphylactic reaction (also see Anaphylaxis, NICE clinical guideline 134)
or

a severe non-immediate cutaneous reaction (for example, drug reaction with
eosinophilia and systemic symptoms [DRESS], Stevens–Johnson Syndrome, toxic
epidermal necrolysis).

Non-steroidal anti-inflammatory drugs (including selective cyclooxygenase 2
inhibitors)

For people who have had a mild allergic reaction to a non-selective NSAID but need an
anti-inflammatory:

discuss the benefits and risks of selective cyclooxygenase 2 (COX-2) inhibitors
(including the low risk of drug allergy)

consider introducing a selective COX-2 inhibitor at the lowest starting dose with only a
single dose on the first day.

Beta-lactam antibiotics

Refer people with a suspected allergy to beta-lactam antibiotics to a specialist drug allergy
service if they:

need treatment for a disease or condition that can only be treated by a beta-lactam
antibiotic or

are likely to need beta-lactam antibiotics frequently in the future (for example, people
with recurrent bacterial infections or immune deficiency).
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General anaesthesia

Refer people to a specialist drug allergy service if they have had anaphylaxis or another
suspected allergic reaction during or immediately after general anaesthesia.

[1] Note that these boxes describe common and important presenting features of drug allergy but
other presentations are also recognised
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1 Recommendations

The following guidance is based on the best available evidence. The full guideline gives details
of the methods and the evidence used to develop the guidance.

The wording used in the recommendations in this guideline (for example, words such as
'offer' and 'consider') denotes the certainty with which the recommendation is made (the
strength of the recommendation). See About this guideline for details.

All recommendations apply to adults, children and young people.

1.1 Assessment

1.1.1 When assessing a person presenting with possible drug allergy, take a history
and undertake a clinical examination. Use the following boxes as a guide when
deciding whether to suspect drug allergy.

Boxes 1–3 Signs and allergic patterns of suspected drug allergy with timing
of onset[2]

Box 1 Immediate, rapidly evolving reactions

Anaphylaxis – a severe multi-system
reaction characterised by:

erythema, urticaria or angioedema and

hypotension and/or bronchospasm

Urticaria or angioedema without systemic
features

Exacerbation of asthma (for example, with
non-steroidal anti-inflammatory drugs
[NSAIDs])

Onset usually less than 1 hour after drug
exposure (previous exposure not always
confirmed)

Box 2 Non-immediate reactions without systemic involvement
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Widespread red macules or
papules (exanthema-like)

Fixed drug eruption (localised
inflamed skin)

Onset usually 6–10 days after first drug exposure or
within 3 days of second exposure

Box 3 Non-immediate reactions with systemic involvement

Drug reaction with eosinophilia and systemic
symptoms (DRESS) or drug hypersensitivity
syndrome (DHS) characterised by:

widespread red macules, papules or erythroderma

fever

lymphadenopathy

liver dysfunction

eosinophilia

Onset usually 2–6 weeks after first
drug exposure or within 3 days of
second exposure

Toxic epidermal necrolysis or Stevens–Johnson
syndrome characterised by:

painful rash and fever (often early signs)

mucosal or cutaneous erosions

vesicles, blistering or epidermal detachment

red purpuric macules or erythema multiforme

Onset usually 7–14 days after first
drug exposure or within 3 days of
second exposure

Acute generalised exanthematous pustulosis (AGEP)
characterised by:

widespread pustules

fever

neutrophilia

Onset usually 3–5 days after first
drug exposure
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Common disorders caused, rarely, by drug allergy:

eczema

hepatitis

nephritis

photosensitivity

vasculitis

Time of onset variable

1.1.2 Be aware that the reaction is more likely to be caused by drug allergy if it
occurred during or after use of the drug and:

the drug is known to cause that type of reaction or

the person has previously had a similar reaction to that drug or drug class.

1.1.3 Be aware that the reaction is less likely to be caused by drug allergy if:

there is a possible non-drug cause for the person's symptoms (for example, they
have had similar symptoms when not taking the drug) or

the person has gastrointestinal symptoms only.

Measuring serum tryptase after suspected anaphylaxis

1.1.4 After a suspected drug-related anaphylactic reaction, take 2 blood samples for
mast cell tryptase in line with recommendations in Anaphylaxis (NICE clinical
guideline 134).

1.1.5 Record the exact timing of both blood samples taken for mast cell tryptase:

in the person's medical records and

on the pathology request form.

1.1.6 Ensure that tryptase sampling tubes are included in emergency anaphylaxis
kits.
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Measuring serum specific immunoglobulin E

1.1.7 Do not use blood testing for serum specific immunoglobulin E (IgE) to
diagnose drug allergy in a non-specialist setting.

1.2 Documenting and sharing information with other
healthcare professionals

Recording drug allergy status

1.2.1 Document people's drug allergy status in their medical records using 1 of the
following:

'drug allergy'

'none known'

'unable to ascertain' (document it as soon as the information is available).

1.2.2 If drug allergy status has been documented, record all of the following at a
minimum:

the drug name

the signs, symptoms and severity of the reaction (see recommendation 1.1.1)

the date when the reaction occurred.

Documenting new suspected drug allergic reactions

1.2.3 When a person presents with suspected drug allergy, document their reaction
in a structured approach that includes:

the generic and proprietary name of the drug or drugs suspected to have caused
the reaction, including the strength and formulation

a description of the reaction (see recommendation 1.1.1)
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the indication for the drug being taken (if there is no clinical diagnosis, describe the
illness)

the date and time of the reaction

the number of doses taken or number of days on the drug before onset of the
reaction

the route of administration

which drugs or drug classes to avoid in future.

Maintaining and sharing drug allergy information

1.2.4 Prescriptions (paper or electronic) issued in any healthcare setting should be
standardised and redesigned to record information on which drugs or drug
classes to avoid to reduce the risk of drug allergy.

1.2.5 Ensure that drug allergy status is documented separately from adverse drug
reactions and that it is clearly visible to all healthcare professionals who are
prescribing drugs.

1.2.6 Check a person's drug allergy status and confirm it with them (or their family
members or carers as appropriate) before prescribing, dispensing or
administering any drug (see also recommendation 1.3.4). Update the person's
medical records or inform their GP if there is a change in drug allergy status.

1.2.7 Ensure that information about drug allergy status is updated and included in
all:

GP referral letters

hospital discharge letters.

1.2.8 Carry out medicines reconciliation for people admitted to hospital in line with
recommendations in Technical patient safety solutions for medicines
reconciliation on admission of adults to hospital (NICE patient safety solutions
guidance 1).
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Documenting information after specialist drug allergy investigations

For recommendations on referral to specialist services see section 1.4.

1.2.9 After specialist drug allergy investigations, allergy specialists should document:

the diagnosis, drug name and whether the person had an allergic or non-allergic
reaction

the investigations used to confirm or exclude the diagnosis

drugs or drug classes to avoid in future.

1.3 Providing information and support to patients

1.3.1 Discuss the person's suspected drug allergy with them (and their family
members or carers as appropriate) and provide structured written information
(see recommendation 1.2.3). Record who provided the information and when.

1.3.2 Provide information in line with the recommendations in Patient experience in
adult NHS services (NICE clinical guideline 138).

1.3.3 Ensure that the person (and their family members or carers as appropriate) is
aware of the drugs or drug classes that they need to avoid, and advise them to
check with a pharmacist before taking any over-the-counter preparations.

1.3.4 Advise people (and their family members or carers as appropriate) to carry
information they are given about their drug allergy at all times and to share this
whenever they visit a healthcare professional or are prescribed, dispensed or
are about to be administered a drug.

Providing information and support to people who have had specialist drug
allergy investigations

For recommendations on referral to specialist services see section 1.4.

1.3.5 Allergy specialists should give the following written information to people who
have undergone specialist drug allergy investigation:
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the diagnosis – whether they had an allergic or non-allergic reaction

the drug name and a description of their reaction (see recommendation 1.1.1)

the investigations used to confirm or exclude the diagnosis

drugs or drug classes to avoid in future

any safe alternative drugs that may be used.

1.3.6 Explain to people in whom allergy to a drug or drug class has been excluded
by specialist investigation that they can now take this drug or drug class safely
and ensure that their medical records are updated.

1.4 Non-specialist management and referral to specialist
services

General

1.4.1 If drug allergy is suspected:

consider stopping the drug suspected to have caused the allergic reaction and
advising the person to avoid that drug in future

treat the symptoms of the acute reaction if needed; send people with severe
reactions to hospital

document details of the suspected drug allergy in the person's medical records (see
recommendations 1.2.3 and 1.2.6)

provide the person with information (see section 1.3).

1.4.2 Refer people to a specialist drug allergy service if they have had:

a suspected anaphylactic reaction (also see Anaphylaxis, NICE clinical guideline
134) or
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a severe non-immediate cutaneous reaction (for example, drug reaction with
eosinophilia and systemic symptoms [DRESS], Stevens–Johnson Syndrome, toxic
epidermal necrolysis).

Non-steroidal anti-inflammatory drugs (including selective cyclooxygenase 2
inhibitors)

1.4.3 Explain to people with a suspected allergy to a non-selective non-steroidal
anti-inflammatory drug (NSAID) (and their family members or carers as
appropriate) that in future they need to avoid all non-selective NSAIDs,
including over-the-counter preparations.

1.4.4 For people who have had a mild allergic reaction to a non-selective NSAID but
need an anti-inflammatory:

discuss the benefits and risks of selective cyclooxygenase 2 (COX-2) inhibitors
(including the low risk of drug allergy)

consider introducing a selective COX-2 inhibitor at the lowest starting dose with only
a single dose on the first day.

1.4.5 Do not offer a selective COX-2 inhibitor to people in a non-specialist setting if
they have had a severe reaction, such as anaphylaxis, severe angioedema or
an asthmatic reaction, to a non-selective NSAID.

1.4.6 Refer people who need treatment with an NSAID to a specialist drug allergy
service if they have had a suspected allergic reaction to an NSAID with
symptoms such as anaphylaxis, severe angioedema or an asthmatic reaction.

1.4.7 Be aware that people with asthma who also have nasal polyps are likely to
have NSAID-sensitive asthma unless they are known to have tolerated
NSAIDs in the last 12 months.

Beta-lactam antibiotics

1.4.8 Refer people with a suspected allergy to beta-lactam antibiotics to a specialist
drug allergy service if they:
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need treatment for a disease or condition that can only be treated by a beta-lactam
antibiotic or

are likely to need beta-lactam antibiotics frequently in the future (for example,
people with recurrent bacterial infections or immune deficiency).

1.4.9 Consider referring people to a specialist drug allergy service if they are not
able to take beta-lactam antibiotics and at least 1 other class of antibiotic
because of suspected allergy to these antibiotics.

Local anaesthetics

1.4.10 Refer people to a specialist drug allergy service if they need a procedure
involving a local anaesthetic that they are unable to have because of
suspected allergy to local anaesthetics.

General anaesthesia

1.4.11 Refer people to a specialist drug allergy service if they have had anaphylaxis
or another suspected allergic reaction during or immediately after general
anaesthesia.

[2] Note that these boxes describe common and important presenting features of drug allergy but
other presentations are also recognised
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2 Research recommendations

The Guideline Development Group has made the following recommendations for research,
based on its review of evidence, to improve NICE guidance and patient care in the future. The
Guideline Development Group's full set of research recommendations is detailed in the full
guideline.

2.1 Designing systems for documenting drug allergy

Which documentation strategies would be most clinically and cost effective to minimise the
number of people who are re-exposed to drugs to which they have a suspected or confirmed
allergy, looking in particular at:

electronic health records that include features specifically designed to record and alert
clinicians to drug allergy information, compared with systems without such features and

different formats for patient-held, structured drug allergy documentation?

Why this is important

Evidence from patient safety incident reports to the National Reporting and Learning System and
from published research shows that a large number of NHS patients with known drug allergies
are being re-exposed to these drugs in error each year. Over the past few decades, many people
have been inaccurately diagnosed and recorded as either having or not having a drug allergy.
While re-exposure to a drug has not caused harm in the majority of people, a minority of these
incidents have caused harm or death.

The systematic review undertaken for this guideline identified a wide range of documentation
strategies, including patient-held records; information worn by patients; hospital-based notices
worn by patients (such as coloured arm bands); automated messages (for example,
screensavers); mandatory reporting of drug allergy status in paper or electronic medication
records; mandatory documentation of details related to adverse drug reactions; design of drug
charts; use of Summary Care Records; and computerised physician or prescriber order entry
(CPOE) systems.

Most of the studies included in the systematic review were from the USA and their focus was
largely on adverse drug events or medication prescribing errors, and not specifically on drug
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allergy. In addition, few studies assessed the effectiveness of patient-held documentation
strategies. The quality of the evidence from studies was generally very low. Research is
therefore needed to determine which strategy or combination of strategies is most effective in
reducing harm by minimising accidental re-exposure to a known drug allergen.

2.2 Communicating information about drug allergy

In people with suspected or confirmed drug allergies, are patient-focused information strategies
more effective than standard NHS practice in increasing people's likelihood of disclosing their
drug allergy (or their suspected drug allergy) and therefore reducing the risk of being re-exposed
to the affected drug?

Why this is important

Administering drugs to which patients have a reported allergy can be fatal, but inadvertent
prescription or administration of such drugs is common. Data from the UK General Practice
Research Database indicate that the incidence of contraindicated antibiotics being re-prescribed
to patients with suspected penicillin allergy is as high as 48.5%, suggesting that even electronic
systems with reminders do not eliminate the risk of inappropriate prescribing. Also, few allergy
documentation systems communicate across healthcare organisations, so this information may
be lost when patients move to new areas.

Patients and their families and carers have been identified as a resource to prevent inappropriate
prescribing. This is in line with the concept of 'patient responsibility' described in the NHS
Constitution (2010). Patients and their families and carers are encouraged to be involved in
decisions about their care and this includes decisions about drug choice. However, in current
practice information is usually not provided unless drug allergy is confirmed by specialists.
Suitable information provision is important to encourage people to volunteer their allergy status
(be it suspected or confirmed) and make sure that this is appropriately documented by
healthcare professionals.

The British Society for Allergy and Clinical Immunology (BSACI) recommends giving patients
written details about their allergy, including information on drugs they should avoid. However, it is
unclear what factors influence patients to disclose their allergy status to healthcare professionals
and what would empower them to do so, to improve safety.
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Research is therefore needed to determine which information strategy would be most effective
(and preferred by patients) to:

increase patients' knowledge about their allergy and ability to remember this information

increase patient empowerment and confidence to discuss their drug allergy with healthcare
professionals

minimise harm from inadvertent re-exposure to a suspected drug allergen.

2.3 Using selective cyclooxygenase 2 inhibitors in people
with previous severe allergic reactions to non-selective
non-steroidal anti-inflammatory drugs

Should all patients who have experienced a severe allergic reaction to a non-selective
non-steroidal anti-inflammatory drug (NSAID) be assessed by specialist drug allergy services or
should they be advised to take a selective cyclooxygenase 2 (COX 2) inhibitor without further
investigations if clinically appropriate?

Why this is important

There are about 5.4 million people with asthma in the UK, 1–5% of whom are unable to take
non-selective NSAIDs without developing a severe and sometimes life-threatening asthma
attack. In addition, 0.1–1% of the general population report allergic reactions to NSAIDs with
symptoms ranging from urticaria and angioedema to anaphylaxis. NSAIDs are extremely widely
used, available over the counter and present within many compound preparations (for example,
cold and flu remedies). People who are allergic to NSAIDs are therefore at risk of inadvertent
exposure and this presents a significant public health issue.

Commonly encountered NSAIDs such as aspirin, ibuprofen, diclofenac and naproxen are
non-selective COX-2 inhibitors that block the enzymatic effects of both cyclooxygenase 1
(COX-1) and COX-2. More recently introduced NSAIDs include a group which are selective
inhibitors of the COX-2 isoform alone. Studies have shown that the allergic response to NSAIDs
is mediated through inhibition of COX-1 and therefore the majority of people with a history of
allergic reactions to non-selective NSAIDs are able to tolerate selective COX-2 inhibitors.
However, the same studies have also reported that a small proportion of these people also react
adversely to selective COX-2 inhibitors. This group has not been properly characterised and
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therefore it is not possible to predict who should be offered a selective COX-2 inhibitor without
undertaking specialist drug allergy investigations. This clinical guideline recommends that people
who have had a mild reaction to a non-selective NSAID could be offered a selective COX-2
inhibitor but that all those who have had a severe reaction, such as anaphylaxis, severe
angioedema or an asthmatic reaction, should not be offered a selective COX-2 inhibitor in a
non-specialist setting.

Well-designed, appropriately powered, controlled studies characterising people with a history of
severe reactions to non-selective NSAIDs may enable them to have treatment with an
anti-inflammatory without specialist drug allergy investigation.

2.4 Oral antibiotic challenge for diagnosing antibiotic
allergy in children

In children who have a suspected allergy to an antibiotic, is it clinically and cost effective to
proceed directly (without prior skin or intradermal tests) to a diagnostic oral antibiotic challenge
rather than referring them to specialist drug allergy services?

Why this is important

Antibiotics are an important class of drug and one of the most common groups of drugs
prescribed to children. Many childhood illnesses are associated with skin rashes, and it can be
clinically difficult in the acute setting to be certain if an atypical rash is caused by the underlying
illness, the antibiotic, or both. Adverse drug reactions to antibiotics are common and frequently
result in a child being diagnosed with 'drug allergy', a diagnosis which generally remains for life.

Current clinical experience suggests that most patients in a community setting who are believed
to be allergic to an oral antibiotic (approximately 3% for children, 10–20% for adults) will be
challenge 'negative' – that is, they are able to tolerate the oral antibiotic on the day of the
challenge and on subsequent days. While patients who are correctly diagnosed with an allergy
are kept safe through avoidance, there are health and cost implications for patients who are
incorrectly diagnosed with an antibiotic allergy.

The evidence review for this clinical guideline found no evidence to support the reliability of
allergy testing (skin, intradermal or IgE determination) for the diagnosis of antibiotic allergy in
children. In addition, these tests are painful and restricted to only a few specialist centres in the
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UK. The result is that only a small fraction of children in the UK with a diagnosis of antibiotic
allergy ever undergo investigations to confirm or exclude this diagnostic 'label'. It would therefore
be beneficial to prospectively investigate the use of the oral supervised challenge in a safe
clinical setting without prior allergy testing. This novel diagnostic approach could be compared
with an intervention of 'antibiotic avoidance'.

If the oral antibiotic challenge is found to be safe, acceptable and cost effective, it could be rolled
out across all centres that offer paediatric allergy services. This would substantially reduce the
number of children who receive a lifelong label of antibiotic allergy.

Drug allergy: diagnosis and management of drug allergy in adults,
children and young people

NICE clinical
guideline 183

© NICE 2014. All rights reserved. Last modified September 2014 Page 27 of 36



3 Other information

3.1 Scope and how this guideline was developed

NICE guidelines are developed in accordance with a scope that defines what the guideline will
and will not cover.

How this guideline was developed

NICE commissioned the National Clinical Guideline Centre to develop this guideline. The
Centre established a Guideline Development Group (see section 4), which reviewed the
evidence and developed the recommendations.

The methods and processes for developing NICE clinical guidelines are described in The
guidelines manual.

3.2 Related NICE guidance

Details are correct at the time of publication of the guideline (September 2014). Further
information is available on the NICE website.

Published

General

Managing medicines in care homes. NICE social care guideline 1 (2014).

Patient experience in adult NHS services. NICE clinical guideline 138 (2012).

Medicines adherence. NICE clinical guideline 76 (2009).

Technical patient safety solutions for medicines reconciliation on admission of adults to
hospital. NICE patient safety solutions guidance 1 (2007).

Condition-specific

Anaphylaxis. NICE clinical guideline 134 (2011).
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Under development

NICE is developing the following guidance (details available from the NICE website):

Medicines optimisation. NICE clinical guideline. Publication expected March 2015.

Antimicrobial stewardship. NICE clinical guideline. Publication expected March 2015.
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About this guideline

NICE clinical guidelines are recommendations about the treatment and care of people with
specific diseases and conditions.

NICE guidelines are developed in accordance with a scope that defines what the guideline will
and will not cover.

This guideline was developed by the National Clinical Guideline Centre, which is based at the
The Royal College of Physicians. The Centre worked with a Guideline Development Group,
comprising healthcare professionals (including consultants, GPs and nurses), patients and
carers, and technical staff, which reviewed the evidence and drafted the recommendations. The
recommendations were finalised after public consultation.

The methods and processes for developing NICE clinical guidelines are described in The
guidelines manual.

NICE produces guidance, standards and information on commissioning and providing
high-quality healthcare, social care, and public health services. We have agreements to provide
certain NICE services to Wales, Scotland and Northern Ireland. Decisions on how NICE
guidance and other products apply in those countries are made by ministers in the Welsh
government, Scottish government, and Northern Ireland Executive. NICE guidance or other
products may include references to organisations or people responsible for commissioning or
providing care that may be relevant only to England.

Strength of recommendations

Some recommendations can be made with more certainty than others. The Guideline
Development Group makes a recommendation based on the trade-off between the benefits and
harms of an intervention, taking into account the quality of the underpinning evidence. For some
interventions, the Guideline Development Group is confident that, given the information it has
looked at, most patients would choose the intervention. The wording used in the
recommendations in this guideline denotes the certainty with which the recommendation is made
(the strength of the recommendation).
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For all recommendations, NICE expects that there is discussion with the patient about the risks
and benefits of the interventions, and their values and preferences. This discussion aims to help
them to reach a fully informed decision (see also Patient-centred care).

Interventions that must (or must not) be used

We usually use 'must' or 'must not' only if there is a legal duty to apply the recommendation.
Occasionally we use 'must' (or 'must not') if the consequences of not following the
recommendation could be extremely serious or potentially life threatening.

Interventions that should (or should not) be used – a 'strong'
recommendation

We use 'offer' (and similar words such as 'refer' or 'advise') when we are confident that, for the
vast majority of patients, an intervention will do more good than harm, and be cost effective. We
use similar forms of words (for example, 'Do not offer…') when we are confident that an
intervention will not be of benefit for most patients.

Interventions that could be used

We use 'consider' when we are confident that an intervention will do more good than harm for
most patients, and be cost effective, but other options may be similarly cost effective. The choice
of intervention, and whether or not to have the intervention at all, is more likely to depend on the
patient's values and preferences than for a strong recommendation, and so the healthcare
professional should spend more time considering and discussing the options with the patient.

Other versions of this guideline

The full guideline, 'Drug allergy: diagnosis and management of drug allergy in adults, children
and young people' contains details of the methods and evidence used to develop the guideline. It
is published by the National Clinical Guideline Centre.

The recommendations from this guideline have been incorporated into a NICE Pathway.

We have produced information for the public about this guideline.
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Implementation

Implementation tools and resources to help you put the guideline into practice are also available.

Your responsibility

This guidance represents the view of NICE, which was arrived at after careful consideration of
the evidence available. Healthcare professionals are expected to take it fully into account when
exercising their clinical judgement. However, the guidance does not override the individual
responsibility of healthcare professionals to make decisions appropriate to the circumstances of
the individual patient, in consultation with the patient and/or guardian or carer, and informed by
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A Systematic Review: Can One Prescribe
Carbapenems to Patients With IgE-Mediated
Allergy to Penicillins or Cephalosporins?

Brittany Kula, Gordana Djordjevic, and Joan L. Robinson

Department of Pediatrics, University of Alberta and Stollery Children’s Hospital, Edmonton, Canada

Background. Cross-reactivity between penicillins or cephalosporins and carbapenems is anticipated as all have a
beta lactam ring. However, the true incidence of immunoglobulin (Ig)E-mediated cross-reactivity is not known.

Methods. A systematic review was conducted to collect and combine all published data on children and adults
reported to have a clinical history of IgE-mediated hypersensitivity to a penicillin and/or cephalosporin who were
subsequently given a carbapenem. Reactions were classified as proven, suspected, or possible IgE-mediated and non–
IgE-mediated.

Results. Ten studies and 12 case reports describing 854 participants fit the study criteria. For patients with pre-
vious proven, suspected, or possible IgE-mediated penicillin reactions (N = 838), the incidence of any type of sus-
pected hypersensitivity reaction to a carbapenem was 36/838 (4.3%; 95% confidence interval [CI], 3.1%–5.9%) and
the incidence of proven (1/838), suspected (0/838), or possible (19/838) IgE-mediated reactions was 20/838 (2.4%;
95% CI, 1.6%–3.7%). Of the subset of patients with positive penicillin skin tests (n = 295), only 1 had a hypersen-
sitivity reaction (0.3%; 95% CI, .06%–1.9%), and this was a possible IgE-mediated reaction. For patients with
previous proven, suspected, or possible IgE-mediated cephalosporin reactions (N = 12), the incidence of any type
of hypersensitivity reaction to a carbapenem was 3/12 (25%); this included 2 non–IgE-mediated reactions and 1 pos-
sible IgE-mediated reaction.

Conclusions. The cross-reactivity between penicillins and carbapenems for IgE-mediated reactions is very low,
but caution is still advised. Cross-reactivity rates may be higher between cephalosporins and carbapenems; however,
minimal data are available.

Keywords. drug allergy; cross-reactivity; carbapenem; penicillin; cephalosporin.

Penicillins or cephalosporins can cause any of the
4 types of Gell and Coombs immunologic hypersensi-
tivity reactions, although immunoglobulin (Ig)E-medi-
ated reactions (type I) and delayed cutaneous reactions
(mostly type IV) are most commonly encountered. IgE-
mediated reactions are of particular concern as they can
be life threatening. This type of reaction presents with
various combinations of pruritus, flushing, urticaria,
angioedema, wheezing, laryngeal edema, abdominal

distress with emesis or diarrhea, and hypotension. Re-
currence risk with reexposure to the same drug is not
known but is thought to be substantial; subsequent re-
actions are often more severe than was the initial
reaction.

Patients with IgE-mediated allergy to penicillins or
cephalosporins may react to the beta lactam ring struc-
ture that is common to all penicillins, cephalosporins,
monobactams, and carbapenems or to the R-group
side chains that distinguish different penicillins or ceph-
alosporins from one another. In the United States, most
penicillin-allergic patients are thought to be sensitive to
the beta lactam core, and so one would anticipate cross-
reactivity with other beta lactams. In contrast, where
amoxicillin constitutes 90% of antibiotic use in certain
southern European countries, up to one-third of pa-
tients appear to react to the R-group side chain [1].
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The rate of cross-reactivity of penicillins with cephalosporins
was originally reported to be about 10%. However, the true
rate with newer cephalosporins appears to be much lower; an
incidence of approximately 1% was recently reported in a liter-
ature review [2]. Some have suggested that the incidence of
cross-reactivity between penicillins and carbapenems may be
even lower [3]. Very little has been published on the cross-reac-
tivity rate between cephalosporins and carbapenems. Not unex-
pectedly, a recent study has demonstrated that many allergists,
internists, pediatricians, and family physicians are unclear as to
whether patients with penicillin allergy can be prescribed ceph-
alosporins or carbapenems [3].

Our primary objective in this systematic review was to deter-
mine if carbapenems can be safely prescribed for patients who
have had presumed IgE-mediated reactions to penicillins or
cephalosporins. Because patients with IgE-mediated reactions
to 1 antibiotic are more likely than controls to have allergies
to any other antibiotic, one would anticipate some cross-reactiv-
ity. Our hypothesis was that although there would be some
cross-reactivity, the rate of life-threatening events upon chal-
lenge with a carbapenem would be <1%.

METHODS

The systematic review protocol was based on the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [4].

Inclusion Criteria
Any article that described the outcome when 1 or more patients
of any age with a history of symptoms compatible with IgE-me-
diated allergy to any penicillin or cephalosporin subsequently
receiving a minimum of 1 dose of any carbapenem was included
in the study. No language or publication date restrictions were
imposed, and all study designs were included.

Exclusion Criteria
Reports of patients who had only a positive skin test to a pen-
icillin or cephalosporin but presumably were never given a pen-
icillin or cephalosporin were excluded, as the positive predictive
value of penicillin skin tests for IgE-mediated reactions is low
[5]. Carbapenem skin testing alone was not considered to be
administration of a carbapenem. Articles that did not specify
the class of beta lactam that resulted in the original suspected
IgE-mediated reaction were excluded.

Definitions
A reaction was considered to be proven IgE mediated if the pa-
tient had a serious allergic reaction (defined as those that result-
ed in hypotension, wheezing, angioedema, laryngeal edema,
hospitalization, or death) with onset of symptoms within

4 hours of drug administration. A reaction was considered to
be a suspected IgE-mediated reaction if the patient developed
pruritus, flushing, an urticarial rash, or edema within 4 hours
of drug administration and the author attributed the symptoms
to the drug. A possible IgE-mediated reaction was considered
when symptoms were not well described or when symptoms
of a serious allergic reaction were documented to start more
than 4 hours after drug administration yet the author consid-
ered them to be IgE mediated. For example, patient-reported re-
actions with few details provided were considered to be possible
IgE-mediated reactions. However, maculopapular rashes or
gastrointestinal reactions alone were considered to be non–
IgE-mediated, even if the authors considered them to be IgE
mediated. Results of skin tests for penicillins, cephalosporins,
or carbapenems were recorded when provided. However, as
mentioned previously, positive skin tests alone were not consid-
ered to be proof of IgE-mediated reactions.

Search Strategy
The search was performed inMay 2013 and includedOvidMED-
LINE (1946–present), PubMed (inception–present), Embase
(1974–present), Scopus (inception–present), and the Cochrane
Library (inception–present). The following terms were searched
and combined with variations of “hypersensitivity” and “cross
reactions” and finally with “penicillin” and “cephalosporin”:
“carbapenem,” “thienamycin,” “imipenem,” “meropenem,” “erta-
penem,” “doripenem,” “eripenem,” “primaxin,” “doribax,” “in-
vanz,” “panipenem,” “biapenem,” “merrem,” “meronem,” and
“faropenem” (Supplementary Appendix 1). The references within
articles that met the inclusion criteria were hand searched for
additional articles. Hand searches were also performed for articles
that cited those that met the inclusion criteria. Also, 2 authors
were personally contacted to obtain clarification regarding their
studies.

Process of Study Selection and Data Collection
Two investigators (G. D. and B. K.) independently reviewed the
titles and abstracts from the search and obtained the required
data from studies that met the inclusion criteria. The 2 investi-
gators then reached consensus on which articles met the inclu-
sion criteria and confirmed the data. Any inability to reach a
consensus was reconciled by discussion with the third investiga-
tor (J. L. R.).

Data Collection
Data extracted from each article that met the inclusion criteria
included the following: evidence of allergy to a penicillin and/
or a cephalosporin, with subsequent classification as proven, sus-
pected, or possible IgE-mediated reaction using the definitions
above; results of penicillin or cephalosporin skin testing if per-
formed; the country where the study took place; the age of the
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patient(s); the number of patients who met the inclusion criteria;
the type of carbapenem administered; the number of patients
with any kind of hypersensitivity reaction attributed to carbape-
nems; and classification of IgE-mediated reactions to carbape-
nems as proven, suspected, or possible using the definitions
above.

Data Analysis
Studies were combined where feasible to report the types of
reactions to carbapenems in patients with possible, suspected,
and proven IgE-mediated reactions to penicillins and to cepha-
losporins. If patients had a previous IgE-mediated reaction of
different severity to both a penicillin and a cephalosporin,
they were classified as having the more severe reaction. For
the subset of patients who had skin test results reported for
penicillins or cephalosporins, reactions to carbapenems were
compared for those with positive vs negative tests. Ideally, one

would determine risk factors for reactions to carbapenems (eg,
gender, age, severity of symptoms upon exposure to penicillins
or cephalosporins). However, given anticipated significant study
heterogeneity, this was not thought to be practical.

Risk of Bias Across Individual Studies
Due to safety concerns, 4 patients who would have otherwise
met the eligibility criteria for the current systematic review
were not given a carbapenem as they had a positive carbapenem
skin test. This could artificially decrease our reported cross-
reactivity incidence, and those patients were not included in
the review.

Assumptions Made
Patients were stratified according to proven, suspected, or
possible IgE-mediated reaction to penicillins, cephalosporins,
or both within each study if specific details were provided. In

Figure 1. Flow chart of methodology for studies chosen for the review. Abbreviation: Ig, immunoglobulin.
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each category, the age range of those in the entire study was
applied since the exact ages of patients in each category were
not available.

RESULTS

The search provided 798 citations. After discarding duplicates,
395 items remained, of which 91 were potentially relevant for
review in full, with the exception of 1 that could not be obtained
and 1 that was in Italian but did not appear to be relevant from
the abstract. Six prospective studies, 4 retrospective studies, and
12 case reports met the eligibility criteria for the review (Fig-
ure 1). No items based on references from the eligible articles
were added to the systematic review, nor were supplementary
items added based on review of citations of included articles.

Study Characteristics
The 6 prospective studies were published in English and all
examined the cross-reactivity between penicillins and carbape-
nems (Table 1). Three used imipenem [6–8] and 3 meropenem
[9–11]. Five of the 6 studies looked at patients with previous
IgE-mediated hypersensitivity reactions specifically, while 1
study aimed to include patients with previous cell-mediated re-
actions [6]. The latter study, however, described 9 patients who

met our study definition of IgE-mediated reactions, and these 9
patients were included. The age range was not reported for 1
study, and the author did not reply when these data were re-
quested [8].

The 4 retrospective studies were published in English and
also examined the cross-reactivity between penicillins and car-
bapenems (Table 1) [12–15].

Of the 12 case reports, 10 were published in English, 1 in
Spanish [16], and 1 in French [17]. Five of the case reports de-
scribed patients with previous reactions to penicillins [18–22], 3
to cephalosporins [17, 23, 24], and 4 to both penicillins and
cephalosporins [16, 25–27].

Participants
The total number of potential participants in the studies was
1006. Four were excluded as they were not given a carbapenem
due to a positive carbapenem skin reaction, including 1 patient
from the Romano et al imipenem study (who was also in the
meropenem study) [8, 10] and 1 patient reported in each
of the Atanasković-Marković et al studies [7, 9]. Another 148
patients were excluded as they were described in more than
1 study (81 duplicate patients arose from the 2 Atanasković-
Marković et al studies [7, 9] and 67 from the 2 Romano et al
studies [8, 10]). The remaining 854 constituted 838 patients

Table 1. Case Series of Children or Adults With Previous Immunoglobulin E-Mediated Reactions to Penicillins or Cephalosporins
Subsequently Given Carbapenems

Source Study Design

Class of Drug
Causing Previous

Reaction

Number of Patients
Meeting Inclusion

Criteria
Age Range
(Years)

Classification of Penicillin/
Cephalosporin Reaction

Carbapenem
Administered

Atanasković-
Marković et al
(2008) [9]

Prospective Penicillin 107 4–13 Proven IgE-mediated Meropenem

Atanasković-
Marković et al
(2009) [7]

Prospective Penicillin 123 4–13 Proven IgE-mediated Imipenem

Cunha et al
(2008) [11]

Prospective Penicillin 110 28–94 51 proven and 59 possible
IgE-mediated

Meropenem

Patriarca et al
(1999) [6]

Prospective Penicillin 9 17–63 4 possible, 2 suspected, and
3 proven IgE-mediated

Imipenem

Romano et al
(2006) [8]

Prospective Penicillin 110 45.56 ± 15.66 Proven IgE-mediated Imipenem

Romano et al
(2007) [10]

Prospective Penicillin 103 14–83 Proven IgE-mediated Meropenem

Lager et al
(2009) [12]

Retrospective Penicillin 94 >18 7 proven, 32 suspected, and
55 possible IgE-mediated

Imipenem,
meropenem
or ertapenem

McConnell et al
(2000) [13]

Retrospective Penicillin 63 20–74 Possible IgE-mediated Imipenem

Prescott et al
(2004) [14]

Retrospective Penicillin 100 2–86 Possible IgE-mediated Imipenem or
meropenem

Sodhi et al (2004)
[15]

Retrospective Penicillin 163 32–91 10 proven and 153 possible
IgE-mediated

Imipenem or
meropenem

Abbreviation: Ig, immunoglobulin.
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Table 2. Reactions to Carbapenems in Children and Adults With Previous Immunoglobulin E-Mediated Reactions to Penicillins

Reference
Evidence for

Allergy
Skin
Test Country

Age of
Population
(Years) N

Type of
Carbapenem

Number With
Proven IgE-
Mediated

Reactions to
Carbapenem

Number With
Suspected IgE-

Mediated
Reactions to
Carbapenem

Number With
Possible IgE-
Mediated

Reactions to
Carbapenem

Number With
Non–IgE-
Mediated

Reactions to
Carbapenem

Total Number
With Reactions
to Carbapenem

Atanasković -
Marković
et al (2009,
2008) [7, 9]

Proven IgE-
mediated

Positive Serbia 3–14 81 Imipenem and
meropenem

0 0 0 0 0

Cunha et al
(2008) [11]

Proven IgE-
mediated

NR United
States

28–94 51 Meropenem 0 0 0 0 0

Atanasković -
Marković
et al (2009)
[7]

Proven IgE-
mediated

Positive Serbia 3–14 42 Imipenem 0 0 0 0 0

Atanasković -
Marković
et al (2008)
[9]

Proven IgE-
mediated

Positive Serbia 3–14 26 Meropenem 0 0 0 0 0

Sodhi et al
(2004) [15]

Proven IgE-
mediated

NR United
States

32–91 10 Imipenem or
meropenem

0 0 0 1 1

Lager et al
(2009) [12]

Proven IgE-
mediated

NR United
States

>18 7 Imipenem,
meropenem,
or ertapenem

0 0 0 0 0

Patriarca et al
(1999) [6]

Proven IgE-
mediated

Negative Italy 23–60 3 Imipenem 0 0 0 0 0

Gorman et al
(2003) [18]

Proven IgE-
mediated

Positive Canada 40 1a Imipenem 0 0 1 0 1

Romano et al
(2007) [10]

Suspected
IgE-
mediated

Positive Italy 14–83 35 Meropenem 0 0 0 0 0

Romano et al
(2006,
2007) [8,
10]

Suspected
IgE-
mediated

Positive Italy NR 68 Imipenem and
meropenem

0 0 0 0 0

Romano et al
(2006) [8]

Suspected
IgE-
mediated

Positive Italy 44.56 ± 15.66 42 Imipenem 0 0 0 0 0

Lager et al
(2009) [12]

Suspected
IgE-
mediated

NR United
States

>18 32 Imipenem,
meropenem,
or ertapenem

0 0 1 0 1

Patriarca et al
(1999) [6]

Suspected
IgE-
mediated

Negative Italy 27 and 29 2 Imipenem 0 0 0 0 0
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Table 2 continued.

Reference
Evidence for

Allergy
Skin
Test Country

Age of
Population
(Years) N

Type of
Carbapenem

Number With
Proven IgE-
Mediated

Reactions to
Carbapenem

Number With
Suspected IgE-

Mediated
Reactions to
Carbapenem

Number With
Possible IgE-
Mediated

Reactions to
Carbapenem

Number With
Non–IgE-
Mediated

Reactions to
Carbapenem

Total Number
With Reactions
to Carbapenem

Sodhi et al
(2004) [15]

Possible
IgE-
mediated

NR United
States

32–91 153 Imipenem or
meropenem

1 0 2 11 14

Prescott Jr
et al (2004)
[14]

Possible
IgE-
mediated

NR United
States

2–86 100 Imipenem or
meropenem

0 0 8 3 11

McConnell
et al (2000)
[13]

Possible
IgE-
mediated

NR United
States

20–74 63 Imipenem 0 0 6 0 6

Cunha et al
(2008) [11]

Possible
IgE-
mediated

NR United
States

30–92 59 Meropenem 0 0 0 0 0

Lager et al
(2009) [12]

Possible
IgE-
mediated

NR United
States

>18 55 Imipenem,
meropenem
or ertapenem

0 0 1 0 0

Patriarca et al
(1999) [6]

Possible
IgE-
mediated

Negative Italy 17–63 4 Imipenem 0 0 0 0 0

Lambden et al
(2010) [19]

Possible
IgE-
mediated

NR United
Kingdom

64 1 Meropenem 0 0 0 1 1

Satta et al
(2012) [20]

Possible
IgE-
mediated

NR United
Kingdom

38 1 Ertapenem 0 0 0 0 0

Modi et al
(2011) [21]

Possible
IgE-
mediated

NR United
States

62 1 Imipenem 0 0 0 0 0

Kushawaha
et al (2009)
[22]

Possible
IgE-
mediated

NR United
States

27 1b Meropenem 0 0 0 0 0

Abbreviations: Ig, immunoglobulin; NR, not reported.
a Patient had previous reaction to carbapenem administration, but was successfully desensitized to tolerate the described course.
b Patient was initially desensitized to penicillin G, then tolerated the course of meropenem without incident, but was concurrently dosed with diphenhydramine.
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with previous penicillin reaction, 12 with previous cephalospo-
rin reaction, and 4 with previous reactions to both a penicillin
and a cephalosporin.

Cross-Reactivity Rates
For patients with previous proven, suspected, or possible IgE-
mediated penicillin reactions (N = 838), the incidence of any
type of reaction to a carbapenem was 36/838 (4.3%; 95% confi-
dence interval [CI], 3.1%–5.9%) and the incidence of proven
(1/838), suspected (0/838), or possible (19/838) IgE-mediated
reactions was 20/838 (2.4%; 95% CI, 1.6%–3.7%). Looking
only at the subset of patients with previous proven, suspected,
or possible IgE-mediated penicillin reactions who had a positive
skin test (N = 295), the incidence of any type of reaction to a
carbapenem was 1/295 (0.3%; 95% CI, .06%–1.9%), with the 1
reaction being possibly IgE mediated (Table 2). Nine patients
were documented to have a negative penicillin skin test, and
all tolerated a carbapenem.

Only 12 patients had a previous IgE-mediated cephalosporin
reaction, of which 10 were possible, 2 were suspected, and none
were proven. Three of the 12 had reactions to cephalosporins, of
which 2 were not IgE mediated and 1 was possibly IgE mediated
(Table 3). Only 4 patients had previous reactions to both peni-
cillins and cephalosporins, with 1 having a suspected IgE-medi-
ated reaction to a carbapenems (Table 4).

Overall, the incidence of any reaction to a carbapenem after a
previous history of a proven, suspected, or possible IgE-mediat-
ed reaction to a penicillin (N = 838), cephalosporin (N = 12), or
both (N = 4) was 40/854 (4.7%). For those with proven IgE-
mediated reactions to a penicillin (N = 221), cephalosporin
(N = 0), or both (N = 0), the incidence of a proven (N = 0),
suspected (N = 0), or possible (N = 1) IgE-mediated reaction
to a carbapenem was 1/221 (0.5%; Table 5).

DISCUSSION

This systematic review included 838 patients with some
evidence for an IgE-mediated reaction to penicillin who were
subsequently given a carbapenem, of which 36 (4.3%) had a sus-
pected hypersensitivity reaction. However, only 20 of these re-
actions were compatible with an IgE-mediated reaction, and
only 1 was considered to be a proven IgE-mediated reaction.
There is a paucity of data on the use of carbapenems in patients
with IgE-mediated reactions to cephalosporins (N = 12) or to
both a penicillin and a cephalosporin (N = 4). This lack
of data fits with the fact that cephalosporin hypersensitivity
may now be much rarer than reported in studies with older
cephalosporins.

A previous systematic review published by Frumin and Gal-
lagher in 2009 examined the cross-reactivity between penicillins
or monobactams and carbapenems, demonstrating no definitiveTa
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Table 4. Reactions to Carbapenems in Children and Adults With Previous Immunoglobulin E-Mediated Reactions to Both Penicillins and Cephalosporins

Reference
Evidence for Penicillin

Allergy
Evidence for

Cephalosporin Allergy Skin Test Country

Age of
Population
(Years) N Reaction to Carbapenem

Wilson et al (2003) [25] Suspected IgE-mediated Possible IgE-mediated Positive for penicillins
and cephalosporins

United States 20 1a Suspected IgE-mediated
reaction to imipenem

de Escalante Yanguela et al
(2007) [16]

Possible IgE-mediated Possible IgE-mediated NR Spain 75 1 No reaction to imipenem

Wojewoda et al (2012) [26] Possible IgE-mediated Possible IgE-mediated NR United States 23 1 No reaction to imipenem or
meropenem

Sawhney et al (1996) [27] Possible IgE-mediated Possible IgE-mediated NR United States 79 1 No reaction to imipenem

Abbreviations: Ig, immunoglobulin; NR, not reported.
a Patient was subsequently successfully desensitized to meropenem.

Table 5. Number of Reactions to Carbapenems in Children or Adults With Previous Immunoglobulin E-Mediated Reactions to Penicillins or to Cephalosporins

Type of Previous Reaction to Penicillin/
Cephalosporin

Proven
IgE-Mediated
Reaction to
Carbapenem

Suspected
IgE-Mediated
Reaction to
Carbapenem

Possible
IgE-Mediated
Reaction to
Carbapenem

Total
IgE-Mediated
Reaction to
Carbapenem

Non–IgE-Mediated
Reaction to
Carbapenem

Total Reaction to
Carbapenem (IgE and
Non–IgE-Mediated)

Proven IgE-mediated reaction to a penicillin 0/221 0/221 1/221 or 0.5% 1/221 or 0.5% 1/221 or 0.5% 2/221 or 0.9%

Suspected IgE-mediated reaction to a penicillin 0/182 0/182 1/182 or 0.5% 1/182 or 0.5% 0/182 1/182 or 0.5%

Possible IgE-mediated reaction to a penicillin 1/451 or 0.2% 0/451 17/451 or 3.8% 18/451 or 4.0% 15/451 or 3.3% 33/451 or 7.3%
Proven, suspected, or possible IgE-mediated

reaction to a penicillin AND positive skin test
to a penicillin

0/295 0/295 1/295 or 0.3% 1/295 or 0.3% 0/295 1/295 or 0.3%

Proven, suspected, or possible IgE-mediated
reaction to a penicillin AND results of penicillin
skin test not known

1/534 or 0.2% 0/534 18/534 or 3.4% 19/534 or 3.6% 16/534 or 3.0% 35/534 or 6.6%

Proven, suspected, or possible IgE-mediated
reaction to a penicillin AND negative skin test
to a penicillin

0/9 0/9 0/9 0/9 0/9 0/9

Proven IgE-mediated reaction to a cephalosporin 0 0 0 0 0 0

Suspected IgE-mediated reaction to a
cephalosporin

0/2 0/2 0/2 0/2 1/2 or 50% 1/2 or 50%

Possible IgE-mediated reaction to a
cephalosporin

0/10 0/10 1/10 or 10% 1/10 or 10% 1/10 or 10% 2/10 or 20%

Abbreviation: Ig, immunoglobulin.
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cross-reactivity rate for penicillins and a negligibly low inci-
dence for aztreonam [28]. However, that review differed from
our review in that the researchers included patients with posi-
tive skin tests to penicillins with no documentation that they
had ever had an IgE-mediated reaction to a penicillin. Given
the relatively high rate of false-positive penicillin skin tests
[29, 30], this could potentially lead to underestimation of the
cross-reactivity between carbapenems and other beta lactams.
The previous review reported the potential utility of carbape-
nem skin testing, as throughout various studies, all patients
with negative carbapenems skin tests (N = 320) subsequently
tolerated carbapenems [28].

One limitation of our systematic review is the highly heteroge-
neous patient population examined. One would assume that only
a small percentage of patients exposed to carbapenems with an
IgE-mediated reaction to other classes of beta lactams are report-
ed in the literature, and it is difficult to predict if authors are more
likely to report those with or without reactions to carbapenems.
One would anticipate that patients challenged with carbapenems
had less serious reactions to other beta lactams than did patients
who were not challenged. Authors also may not have always
made the correct judgment as to whether an adverse event was
drug related. Authors used many different definitions for what
constituted an IgE-mediated reaction. Our ability to accurately
classify IgE-mediated reactions as possible, probable, or proven
depended on the limited information provided by authors.
There were also limitations of the individual studies included.
Some included only patients with previous proven IgE-mediated
reactions, while others included patients with less convincing
previous reactions, such as a patient-reported history alone.

Given the low rate of cross-reactivity in previous studies,
when antibiotics are required in patients with IgE-mediated
reactions to penicillins, carbapenems would appear to be a rea-
sonable option. However, one should still proceed with caution.
The first dose of carbapenem should be given in a setting where
anaphylaxis can be managed. One option would be to challenge
with a very low dose of the carbapenem, such as 1% of the full
dose. If the patient has no reaction, then 10% of the full dose
could be given 1 hour later, followed by the full dose 1 hour
later if the patient remains asymptomatic. The data on
the cross-reactivity between cephalosporins and carbapenems
are sparse, so again, a protocol with challenge doses should
be strongly considered. If the patient has a reaction during
the challenge, options are to formally desensitize to the carba-
penem or to change to a non–beta lactam antibiotic. Although
carbapenem skin tests are not well validated, a negative result
appears to predict that it is likely that carbapenems will be
tolerated and so may play a role in future algorithms for man-
agement of such patients [28].

Priorities for future research include prospective studies of
the outcomes when larger numbers of unselected patients

with IgE-mediated reactions to other beta lactams are given car-
bapenems and validation of carbapenem skin testing.
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Guidance for the Management of cases of Bacillus cereus in view of the 

current neonatal outbreak in England, June 2014 

 

Investigations in frontline laboratories 

Bacillus cereus typically appear as Gram positive spore, forming rods and produce 

flat, grey, irregular colonies with a ground glass appearance, often surrounded by a 

zone of beta haemolysis  on blood agar; peacock blue colonies are produced on 

PEMBA medium. 

It has been noted that API can mis-identify B. cereus (e.g. as Cellulosimicrobium 

cellulans etc). MALDI-TOF analysis is a reliable method of identifying members of 

the B. cereus group but will not distinguish between the individual species 

constituting the group. Please send all Bacillus isolates to the Foodborne Pathogen 

Reference Service at the Gastrointestinal Bacteria Reference Unit (GBRU), 

Colindale for speciation and subtyping. GBRU will forward all cultures to the 

Antimicrobial Resistance and Healthcare Associated Infections Reference Unit  at 

Colindale for sensitivity testing. 

 

Treatment: 

The Antimicrobial Resistance and Healthcare Associated Infections Reference Unit 

has determined antibiotic susceptibilities for four B. cereus isolates from seven 

neonatal patients  from 2 London hospitals involved in this outbreak. The isolates 

have all been sensitive to gentamicin (MICs 0.25- 2 mg/l, S ≤ 4 mg/l), teicoplanin 

(MICs 0.125–0.25mg/l, S ≤ 4mg/l), vancomycin (MICs 2-4 mg/l, S ≤ 4 mg/l), linezolid 
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(MICs 2-4mg/l, S ≤ 4mg/l), ciprofloxacin (MICs 0.064-0.125 mg/l, S ≤1 mg/l) and 

moxifloxacin (MICs 0.064 – 0.125 mg/l, S ≤1 mg/l) with antibiograms showing no 

significant difference between these isolates. 

 

We are using generic break points, as there are no specific breakpoints for B. cereus 

in BSAC, EUCAST or CLSI. 

 

B. cereus naturally possesses a chromosomally located metallo beta-lactamase 

(MBL), known as BC-II. This MBL is not a transmissible element but should result in 

resistance to all beta-lactams regardless of any current inhibitor combination. In-vitro 

results indicating sensitivity to any beta-lactam, including carbapenems, should be 

treated with caution, as clinical efficacy could be impaired. 

 

Frequently asked questions regarding the management of these cases: 

 

1. What is the best treatment regimen for babies with B. cereus  infection ? 

Based on the antimicrobial sensitivities of the outbreak strains, the best regimen 

would be to use vancomycin along with the usual first or second line treatment as 

per local antibiotic protocol. Other therapeutic alternatives to vancomycin include 

aminoglycosides, ciprofloxacin and linezolid (although the latter two are unlicensed, 

they can be used based on a risk benefit ratio assessment in neonates). Duration of 

treatment depends on type of invasive infection and response to treatment.  It is vital 

to remove the source of infection like central lines, umbilical catheters etc. 
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In consultation with neonatal colleagues and provided there is no clinical contra-

indication, it is recommended that neonates with B. cereus septicaemia have a 

lumbar puncture to rule out meningo-encephailtis. If the CSF displays abnormal 

white cells, chemistry or microbiology results, the course of antibiotics should be 

extended to at least three weeks depending on the clinical response. If the CSF 

culture is negative, consider sending CSF(minimum 100-200ul)  for 16S PCR( 

available at Molecular Identification Services Unit, Colindale). Antibiotics that 

penetrate into the CSF in neonates include quinolones, linezolid and to a lesser 

extend vancomycin. If lumbar puncture is not possible, it is advisable to continue 

antibiotics for minimum of 3 weeks to cover possibility of meningoencephalitis. 

 

2. What would you recommend in terms of duration of treatment for B cereus 

infection? 

This would be based on the same principles as for any other patient with sepsis or 

invasive infection and would depend on the clinical, biochemical and microbiological 

profiles. 

 

3.  Is prophylaxis or pre-emptive treatment indicated for asymptomatic babies 

who have received the contaminated TPN product? 

There is no evidence that this is beneficial.  

However we recommend that babies who have received the TPN product (see 

MHRA alert) should have at least one surveillance blood culture (and preferably 
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more than one) as asymptomatic bacteraemia has been noted in babies with B. 

cereus infection. Clearly, these babies should be closely monitored and treatment 

instituted if they come symptomatic. 

 

 

 

4. What screening is required on high intensity units? 

Most high intensity units are currently undertaking weekly screening with umbilical, 

groin, axillary and rectal swabs for MRSA and /or Gram negative organisms. Please 

discuss with your local Microbiologist whether screening for B. cereus can be 

included in the protocol. Weekly screening on the neonatal unit for a period of 3 

weeks after the last case or after the last suspect batch was infused  is 

recommended (this can be extended if indicated).  

 

B. cereus isolated from surveillance swabs of asymptomatic patients may represent 

colonisation.  Screening of babies is being advised for the purposes of detecting 

onward transmission within the unit. Eradication for B cereus in asymptomatic babies 

is not advisable as it is an environmental contaminant.  Treatment is recommended 

on development of clinical signs or symptoms.  

 

5. What sort of infection control precautions is needed? 

The risk of person-to-person transmission is low. Standard precautions with 

enhanced hand hygiene are recommended (as currently used in all neonatal units). 
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6. What follow up is needed for these patients? 

The principles used for follow up for all babies with bacteraemia or invasive 

infections should also be applied to these babies. 

 

 

7. What are the guidelines for cleaning equipment on the affected unit? 

Standard cleaning procedures (chlorine based products where possible) are 

recommended. Please ensure manufacturers’ instructions are followed diligently for 

cleaning equipment. 

Diapers should be immediately bagged and disposed of                                  

appropriately, with no surface contamination. 

 

Further reading: 

1. Brown CS, Chand MA, Hoffman P, Woodford N, Livermore DM, Brailsford S, 

Gharbia S, Small N, Billingham E, Zambon M, Grant K; United Kingdom 

incident response team.  Possible contamination of organ preservation fluid 

with Bacillus cereus: the United Kingdom response.  Euro Surveill. 2012;17  

pii: 20165. 

 

2. Gaur AH, Patrick CC, McCullers JA, Flynn PM, Pearson TA, Razzouk BI, 

Thompson SJ, Shenep JL. Bacillus cereus bacteremia and meningitis in 

immunocompromised children. Clin Infect Dis. 2001; 32:1456 -1462.  

 

3. Hilliard NJ, Schelonka RL, Waites KB.   Bacillus cereus  Bacteremia in a 

Preterm Neonate.   J Clin Microbiol. 2003; 41: 3441– 3444. 
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4. Ramarao N, Belotti L, Deboscker S, Ennahar-Vuillemin M, de Launay J, 

Lavigne T, Koebel C, Escande B, Guinebretière MH. Two unrelated episodes 

of Bacillus cereus bacteremia in a neonatal intensive care unit. Am J Infect 
Control. 2014; 42: 694 -695.  
 

5. Bottone EJ. Bacillus cereus, a volatile human pathogen. Clin Microbiol Rev 

2010;23:382 - 398. 

 
Useful contact details 

 

1. Clinical advice:   contact a Medical Microbiologist via 

ColindaleMedMIcro@phe.gov.uk  or call 0208 327 6736.  

2. Advice about environmental screening of high intensity units contact Dr Peter 

Hoffman, peter.hoffman@phe.gov.uk 

3. Referral of bacillus isolates  to Food Pathogens Reference Service ; 

Gastrointestinal  Bacteriology Reference Unit, Colindale ( referral form L4 

available on www.hpa.org.uk) or contact corinne.amar@phe.gov.uk 

4. Referral of CSF for 16S PCR for B. cereus contact  Molecular Identification 

Service Unit, Colindale (referral form M1 available on www.hpa.org.uk) or 

Great Ormond Street ( kathyrn.harris@gosh.nhs.uk) 

5. Referral of TPN / feed specimens for culture - contact Dr Nicola Elviss or 

Martin Lodge in the Food, Water and Environment  Laboratory, Colindale at  

nicola.elviss@phe.gov.uk  /  martin.lodge@phe.gov.uk 

 

mailto:ColindaleMedMIcro@phe.gov.uk
mailto:peter.hoffman@phe.gov.uk
http://www.hpa.org.uk/
http://www.hpa.org.uk/
mailto:kathyrn.harris@gosh.nhs.uk
mailto:nicola.elviss@phe.gov.uk
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INTRODUCTION

In 1993, Drobniewski (40) published a major review in this
journal, entitled Bacillus cereus and Other Related Species,
which followed “Farrar’s landmark review” published 30 years
earlier (45). Continuing on the “shoulders of these giants” and
reviewing and dissecting the expanding horizon of publications
on B. cereus non-gastrointestinal-tract infection, one becomes
truly fascinated by the diligence of the author’s depiction of the
evolving spectrum of human infections associated with this
bacterium, which has heretofore been regarded as a “contam-
inant” when isolated from a clinical specimen. Furthermore,
immersion into the details of the infectious process and un-
covering potential routes of pathogenesis even when not spe-
cifically elucidated by the authors afforded a wonderful oppor-
tunity to integrate concepts derived in part from the numerous
publications reviewed in a Sherlock Holmes manner to arrive
at a rationale for the infectious process described. In those
instances scenarios were interjected based upon new-found
knowledge and personal experiences where relevant. In the

end, it is hoped that the reader would become enlightened and
intrigued with the kaleidoscopic nature of this volatile bacterial
species.

The joy in the undertaking of this topic resides in reviewing
and appreciating the insights of early investigators who recog-
nized the pathogenic potential of “Bacillus species” other than
B. anthracis. Their determined endeavors sought to alert the
medical community to the biphasic contaminant-pathogen dif-
ferentiation of B. cereus. Such a distinction is critical in order
to embark on the correct therapeutic approach prior to having
to backtrack because of misconceptions regarding the signifi-
cance of a B. cereus isolate from a patient specimen. To this
end, this review, which focuses mainly on non-food-borne in-
fections, will reemphasize the plea of past authors who sought
to give B. cereus a well-earned pathogenic status worthy of
serious clinical evaluation when encountered. The reader is
referred to a comprehensive review of B. cereus food poisoning
by Arnesen et al. (7).

Bacillus cereus is a Gram-positive, aerobic-to-facultative,
spore-forming rod widely distributed environmentally and
bearing a close phenotypic and genetic (16S rRNA) rela-
tionships to several other Bacillus species, especially B. an-
thracis (8).

The bacterium exists as a spore former and vegetative cell in
nature and as a vegetative cell when colonizing the human

* Mailing address: Division of Infectious Diseases, Box 1090, Mount
Sinai School of Medicine, One Gustave L. Levy Place, New York, NY
10029. Phone: (212) 241-6741. Fax: (212) 534-3249. E-mail: edward
.bottone@mssm.edu.

382

 on S
eptem

ber 5, 2014 by Y
O

R
K

 T
E

A
C

H
IN

G
 H

O
S

P
IT

A
L

http://cm
r.asm

.org/
D

ow
nloaded from

 

http://cmr.asm.org/
Ecarruthers
Typewritten Text
BACK TO CONTENTS



body (see Epidemiology below). Transmission electron micros-
copy of the vegetative cell reveals a cytoplasmic membrane
surrounding the cellular content (79, 80). In addition, some
strains contain an outermost crystalline surface protein (S
layer) (79, 80). The core of the spore is surrounded by the
inner membrane, cortex, and inner and outer coats. While
devoid of metabolic activity, the B. cereus spore is refractory to
extreme environmental conditions inclusive of heat, freezing,
drying, and radiation and may be regarded as the infective
agent for this bacterium.

In keeping with its close relationship to B. anthracis, the
surface antigens of the spore share epitopes with B. anthracis
spores as determined serologically by cross-agglutination (17).
In the food industry the spores of B. cereus are particularly
troublesome because spores can be refractory to pasteurization
and gamma radiation, and their hydrophobic nature allows
them to adhere to surfaces (5, 79, 111).

EPIDEMIOLOGY

The natural environmental reservoir for B. cereus consists of
decaying organic matter, fresh and marine waters, vegetables
and fomites, and the intestinal tract of invertebrates (71), from
which soil and food products may become contaminated, lead-
ing to the transient colonization of the human intestine (53).
Spores germinate when they come into contact with organic
matter or within an insect or animal host (7). A multicellular
filamentous growth pattern containing refractile inclusions,
termed arthromitus (rooted), has been observed in the guts of
certain arthropods, which is regarded as the normal intestinal
stage in soil-dwelling insects (95). In this setting, as long rod-
shaped bacteria, the bacilli lose their flagella, attach to the
arthropod intestinal epithelium, and sporulate (95). B. cereus
also has a saprophytic life cycle in which spores germinate in
soil, with the production of a vegetative bacillus, which could
then sporulate, maintaining the life cycle (7). Defecation by or
death of the host releases cells and spores into the soil, where
vegetative cells may sporulate and survive until their uptake by
another host (71, 135). Furthermore, when B. cereus grows in
soil, it undergoes a switching from a single-cell to a multicel-
lular phenotype, which allows it to translocate through the soil

(135). This morphogenic phase is analogous to B. cereus
swarming on agar media (118).

B. cereus may be the most common aerobic spore bearer in
many types of soil and in sediments, dust, and plants (107). B.
cereus is also frequently present in food production environ-
ments due to the adhesive nature of its endospores (7). This
characteristic enables the bacterium to spread to all kinds of
food.

Because of the ubiquitous distribution of B. cereus in food
products, the bacterium is ingested in small numbers and be-
comes part of the transitory human intestinal flora (71, 130). It
is unclear, however, if the recovery of B. cereus in cultures of
stool specimens is a function of germinating spores or the
growth of vegetative cells.

MICROBIOLOGY

Bacterial Morphology

Microbiologically, members of the B. cereus group exclu-
sive of B. anthracis display a range of morphological forms
depending upon the milieu in which they are observed. In
Gram-stained smears of body fluids such as anterior-cham-
ber aspirates or broth cultures, B. cereus presents as straight
or slightly curved slender bacilli with square ends singly or in
short chains (Fig. 1). Clear-cut junctions separating mem-
bers of the chain are distinctly displayed. Gram-stained
smears prepared from agar growth will show more uniform
bacillary morphology with oval, centrally situated spores,
which do not distort the bacillary form. In tissue sections
such as those shown in Fig. 2, long, slender, bacillary forms
may predominate, with some clearly displaying polyhydroxy-
butyrate vacuoles, which may be confused with spores. Long
filamentous forms characterized as filamentation may also
show beading, which may preclude identification as a Bacil-
lus species (Fig. 3). In wet preparations of body fluids or
broth cultures, the peritrichous bacilli are motile, displaying
a leisurely gait rather than darting motility.

FIG. 1. Gram stain of blood culture showing Gram-positive slender
bacilli with rounded ends singly, in pairs, and in short chains.

FIG. 2. Gram stain of hemorrhagic brain biopsy specimen with
histological sections showing clusters of elongated bacillary forms.
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Colony Morphology

When grown under aerobic conditions on 5% sheep blood
agar at 37°C, B. cereus colonies are dull gray and opaque with
a rough matted surface (Fig. 4). Colony perimeters are irreg-
ular and represent the configuration of swarming from the site
of initial inoculation, perhaps due to B. cereus swarming mo-
tility (118). Zones of beta-hemolysis surround and conform to
the colony morphology (131). In some instances smooth colo-
nies develop either alone or in the midst of rough colonies
(Fig. 4). When grown apart from the initial inoculum, smooth
colonies are surrounded by a uniform zone of beta-hemolysis
framing the centrally situated colony (Fig. 5). Interestingly,
smears prepared from the distal and frontal (spreading) ad-
vancing perimeters of a mature colony may reveal two distinct
morphological presentations. Smears prepared from the distal
edge show uniform bacillary forms with prominent centrally
situated spores admixed with chains of Gram-positive bacilli,
while smears from the advancing edge are comprised predom-
inately of masses of entangled bacillary chains traversing the

microscopic field and a remarkable absence of spore-contain-
ing bacilli. Perhaps, as the colony spreads forward from the
initial inoculum site, it leaves behind a trail of metabolic end
products, which alters the pH and oxygen content of the
growth environment, thereby inducing spore formation. B.
cereus grows anaerobically and at 45°C. Biochemical charac-
terization can be achieved through the use of the API 20
Enterobacteriaceae (API 20 E) and API 50 Carbohydrate (50
CH) kits (bioMerieux, France), used together (88).

PATHOGENESIS

The pathogenicity of B. cereus, whether intestinal or nonin-
testinal, is intimately associated with tissue-destructive/reactive
exoenzyme production. Among these secreted toxins are four
hemolysins (56), three distinct phospholipases, an emesis-in-
ducing toxin, and three pore-forming enterotoxins: hemolysin
BL (HBL), nonhemolytic enterotoxin (NHE), and cytotoxin K
(91, 92, 114). In the gastrointestinal tract (small intestine),
vegetative cells, ingested as viable cells or spores, produce and
secrete a protein enterotoxin and induce a diarrheal syndrome,
whereas emetic toxin, a plasmid-encoded cyclic peptide (cereu-
lide), is produced in food products and ingested preformed. In
rabbit ligated ileal-loop assays, culture filtrates of enterotoxi-
genic strains induce fluid accumulation and hemolytic, cyto-
toxic, dermonecrotic, and vascular permeability activities in
rabbit skin (13).

This tripartite enterotoxin is composed of a binding compo-
nent (B) and two hemolytic components, designated HBL (13).
Also diarrheagenic in the gastrointestinal tract is a nonhemo-
lytic three-component enterotoxin, designated NHE (91). The
emetic toxin, which induces a vomiting syndrome, is synthe-
sized in the contaminated food product, e.g., milk, rice, and
pasta, in which B. cereus is growing and may represent a met-
abolic product of growth.

FIG. 3. Filamentation phenomenon consisting of intertwined beaded
bacilli as shown in Gram stains of agar cultures.

FIG. 4. Gray, opaque, granular, spreading colonies with irregular
perimeters growing on 5% sheep blood agar. Note the smaller smooth
colonies admixed among spreading growth.

FIG. 5. Smooth colonies on 5% sheep blood agar surrounded by a
uniform zone of beta-hemolysis.
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NONGASTROINTESTINAL INFECTIONS

In addition to food poisoning, B. cereus causes a number of
systemic and local infections in both immunologically compro-
mised and immunocompetent individuals. Among those most
commonly infected are neonates, intravenous drug abusers,
patients sustaining traumatic or surgical wounds, and those
with indwelling catheters. The spectrum of infections include
fulminant bacteremia, central nervous system (CNS) involve-
ment (meningitis and brain abscesses), endophthalmitis, pneu-
monia, and gas gangrene-like cutaneous infections, to name
a few.

Respiratory Tract Infections

Bacillus anthracis possesses two plasmids, pX01 and pX02,
which encode the lethal toxin and the poly-D-glutamic acid
capsule, respectively, which would normally distinguish this
bacterium from the closely related B. cereus. Although these
two species differ in phenotypes and disease spectra produced,
reports of pulmonary infections mimicking anthrax have been
attributed to B. cereus strains harboring B. anthracis toxin
genes (67).

In 1997, Miller et al. (99) described rapidly progressive
pneumonia and bacteremia in two previously healthy welders
aged 46 and 41 years, respectively, without any enjoining epi-
demiological link. Patient 1 was a resident of central Louisiana
who was healthy 5 days prior to hospital admission, while
patient 2 lived in South Louisiana and was healthy until 3 days
prior to hospitalization. According to these authors, the over-
whelming sepsis and pulmonary infiltrates in the two patients
resembled those produced by Bacillus anthracis respiratory dis-
ease. It was postulated that welders acquired their infection by
the inhalation of B. cereus spores from contaminated dust.
While these two case presentations paralleled pulmonary in-
fection by B. anthracis, the two isolates were not initially tested
for the presence of B. anthracis toxin genes. However, a later
publication by Hoffmaster et al. (67) stated that the Miller
isolates did not contain the B. anthracis pagA-like genes carried
on the pXO1 phage. Seven years later, Hoffmaster and col-
leagues (68), working with B. cereus strain G9241, isolated
from the sputum and blood of a nonimmunosuppressed pa-
tient with an illness resembling pulmonary anthrax, showed
that the B. cereus isolate harbored a plasmid homologue of the
B. anthracis pXO1-carried PA toxin gene pagA but not the
pXO2 glutamic acid capsule gene. The patient was well until 2
days before the onset of symptoms and, analogous to the two
patients reported by Miller et al. (99), did not abuse drugs or
alcohol and was a nonsmoker without underlying disease. He
received intensive care, including a partial lobectomy, and was
discharged 44 days postadmission.

More recently, in 2007, Avashia et al. (10) reported two
metal workers with fatal B. cereus pneumonia and sepsis. Nei-
ther patient, aged 39 and 56 years, respectively, had any sig-
nificant predisposing comorbidities, both worked as metal
workers grinding metal for polishing, and, while both were
residents of Texas, they were substantially separated geograph-
ically. Both patient isolates tested positive for the pXO1-spe-
cific virulence plasmid but not the pXO2 plasmid by PCR.

Interestingly, while the B. cereus isolates reported by Miller

et al. (99) were lacking B. anthracis genes (67), the clinical
presentation and occupation of the two patients who suc-
cumbed to the infection remarkably resembled the clinical
presentation and occupation of patients subsequently reported
by Avashia et al. (10) and Hoffmaster et al. (68). Perhaps, the
Miller isolate lost the B. anthracis genes during the 7-year
interval between initial isolation and testing by Hoffmaster et
al. (68). Alternatively, plasmids carrying B. anthracis genes may
not be required for severe pulmonary infections, as other iso-
lates from severe cases have been negative for plasmids (A.
Hoffmaster, personal communication).

Regarding the upper respiratory tract, invasion of the oral
cavity in immunosuppressed patients may be more prevalent
than previously documented, as the oral cavity may become
colonized with B. cereus either through the inhalation of
spores or by vegetative bacteria passing through in B. cereus-
contaminated food (31, 44). Foci can be established by the
entrapment of bacteria in furrows in the oral cavity in which
the bacterium may develop locally and elaborate toxins,
which can spread to adjacent tissues, or the bacterium can
disseminate to other body sites. A report by Strauss et al.
(124) of the development of pseudomembranous tracheo-
bronchitis in a 52-year-old female patient with aplastic ane-
mia suggests that treatment-mediated damage to the buccal
mucosa may expedite spore/vegetative cell adherence and
colonization. Fiber-optic bronchoscopy of the patient re-
vealed a severely inflamed tracheal and bronchial mucosa
accompanied by white diphtheria-like membranes obstruct-
ing the lower lobe bronchi on the left side. Over an 8-h
period, the membranes spread and obstructed the entire
visible bronchial system. B. cereus was recovered from blood
and bronchoalveolar lavage cultures and the membrane
biopsy specimen. As this patient’s initial symptoms included
chest pain, yellowish sputum, and a rapid progression of the
infection, the authors likened her infection to pulmonary
anthrax. B. cereus colonization of the oral cavity, as noted
here and elsewhere (31, 44), may well be an underappreci-
ated first stage in the pathogenesis of pulmonary as well as
systemic infections in immunocompromised individuals.

Bacillus cereus spores, which are hydrophobic and have pro-
jecting appendages, adhere to Caco-2 and small-intestine epi-
thelial cells (5) and HeLa cells (110). In these studies, spores
adhered in aggregates, which, when germinating, released high
concentrations of tissue-destructive toxins. Contact adherence
of spores in aggregates to epithelial cells triggers the germina-
tion of spores, enterotoxin production, and disintegration of
the Caco-2 tissue monolayer. Interestingly, bacteria continue
to adhere to membrane debris (110). While these studies em-
phasized the adherence of B. cereus spores mainly to colonic
epithelia, the ingestion of spores with binding capability in the
setting of potentially disrupted respiratory mucosa could lead
to cytotoxicity in the respiratory tract, as exemplified by the
development of diphtheria-like membranes in addition to pul-
monary infection and systemic dissemination.

Nosocomial Infections

Due to the widespread distribution of Bacillus spores in soil,
dust, water, and the hospital environment, B. cereus is usually
considered a contaminant when isolated from clinical speci-
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mens of various origins (blood, wounds, and sputum, etc.).
Bacillus species, however, are gaining notoriety as causing de-
finitive nosocomial outbreaks among immunosuppressed hos-
pitalized patients (106, 108; reviewed in Table 1). Environmen-
tal reservoirs identified for this species include contaminated
air filtration and ventilation equipment (23), fiber-optic bron-
choscopy equipment (55, 109), linen (12), gloves (139), hands
of staff (101), intravenous catheters (64), alcohol-based hand
wash solutions (69), specimen collection tubes, balloons used
in manual ventilation (134), linens (10, 11), and reused towels
in Japan (38). Furthermore, a 17-year-old neutropenic patient
with acute lymphoblastic leukemia developed B. cereus bacte-
remia traced to drinking lukewarm tea prior to her bacteremic
episode (44). A thorough investigation by those authors
showed a high prevalence (17 of 19 tea bags) of contamination
by B. cereus.

As noted previously, outbreaks of B. cereus pseudoinfections
among hospitalized patients have been well documented, es-
pecially with regard to pseudobacteremias (16, 69, 139). A
pseudo-outbreak has been defined as a situation in which an
organism is recovered in culture at a rate that is greater than
expected and that cannot be correlated clinically with the sup-
posed infection implied by the culture results (94). There is no
question that spores of B. cereus (as with other Bacillus species)
permeate hospital environments and contribute to nosocomial
and pseudonosocomial infections. Pseudo-outbreaks of bacte-
remia and respiratory tract infections have been traced to
contaminated ethyl alcohol (69) and fiber-optic bronchoscopy
equipment (55, 109), respectively.

Because most Bacillus species (except B. anthracis) isolated
from blood cultures and even from open wounds are often
regarded as contaminants, it becomes critical for the clinical
microbiology laboratory to alert infection control practitioners
if a sudden increase in the isolation of this bacterial species is
noted. If such a scenario arises, B. cereus isolates should be

forwarded to a reference center for serotyping and/or sub-
jected to genotypic fingerprinting (86) to determine if isolates
are clonal, which could lead to a point source of contamina-
tion.

Catheter-related B. cereus bloodstream infections have been
well documented, especially among immunosuppressed pa-
tients and those with hematological malignancies (82, 106). It
was previously shown that B. cereus can produce biofilms (9,
82), which can play a major role in attachment to catheters.
When examined by scanning electron microscopy after growth
on inoculated coverslips, B. cereus isolates associated with nos-
ocomial bacteremia formed aggregates of bacilli, which could
easily attach to the surface of catheters, resulting in persistent
infection until catheter removal. Biofilm formation can result
from cell-to-cell and cell-surface contact, which leads to the
formation of microcolonies. The release of planktonic bacteria
from the biofilm can result in the formation of additional
biofilms, thereby maintaining persistence (33). While antibiotic
therapy may arrest planktonic invasion, sessile bacteria in the
biofilm are spared, resulting in recurrent or protracted bacte-
remia. Biofilm formation, because of their protected mode of
growth on inert surfaces, may also contribute to B. cereus
persistence in the hospital environment in settings wherein
replication can take place, in addition to the survival of spores.

ENDOPHTHALMITIS

Case Vignette

A 45-year-old patient with a history of insulin-dependent
diabetes mellitus presented with redness and worsening pain
in his left eye 3 days post-cataract surgery. A rapid diagnosis
of endophthalmitis was made by Gram staining of vitreous
fluid, which showed numerous Gram-positive bacilli (Fig. 6).
Wet preparation of the vitreous fluid showed motile bacilli.

TABLE 1. Reported nosocomial Bacillus cereus infections, 1993 to 2009a

Yr Reference(s) No. of patients Infection risk factor(s) Source(s) of infection Outcome

1993 23 16 ventilated patients in
medical/surgical ICU

Ventilation/ICU,
bacteremia, pneumonia

Ventilation equipment 1 died

1994 10, 11 2 Meningitis postneurosurgery Contaminated hospital linen
in OR

Expired

2000 134 3 neonates Bacteremia, meningitis,
preterm (neonates
immunosuppressed)

Balloons used in manual
ventilation, hands of
nursing staff

1 died

2000–2005 38 16, 5 studied in detail Bacteremia, cecal cancer,
esophageal cancer,
chronic kidney failure,
cholangitis, ALL

Catheters, reused dried and
steamed towels, washing
machines in hospital linen
rooms

5 case vignettes presented;
antibiotics administered,
outcomes not given

2003 64 1 Bacteremia cholecystectomy Nutrition via central catheter Survived
2004 44 1 (ALL) Bacteremia (ALL) Contaminated tea bags Not given, survived(?)
2006 106 3 (AML) Bacteremia (AML),

pneumonia (AML),
bacteremia (AML),
pneumonia (AML),
septicemia (AML)

Nonsterile cotton wool used
for skin disinfection

Died (ventilation-
associated pneumonia)

2009 82 18 Bacteremia, malignancy,
COPD, CVA

Gauze, catheter tip, hospital
environment, steamed towel,
and alcoholic cotton pot

Not given

a ICU, intensive care unit; ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; CVA, cardiovascular accident; COPD, chronic obstructive
pulmonary disease.
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Despite the administration of intravitreal and systemic van-
comycin and ceftazidime on the day of admission, the infec-
tion progressed, requiring the enucleation of the eye on the
same day. Cultures of vitreous fluid and blood grew B.
cereus.

Endophthalmitis is a vision-threatening eye infection result-
ing from traumatic or systemic microbial infection of the inte-
rior of the eye (24). The outcome of the infection varies with
the microbial agent involved and the rapidity of and response
to treatment. The hallmark of the ophthalmic lesion is a cor-
neal ring abscess accompanied by rapid progression of pain,
chemosis, proptosis, retinal hemorrhage, and perivasculitis.
Systemic manifestations include fever, leukocytosis, and gen-
eral malaise (97).

With regard to B. cereus, as exemplified in the case described
above, endophthalmitis caused by this bacterium is a devastat-
ing malignant eye infection because of the rapidity with which
the infection progresses and the bacterium’s elaboration of a
multitude of extracellular tissue-destructive virulence factors
(14). In his exceptional review of B. cereus infections, Drob-
niewski (40) detailed the results of 35 cases of B. cereus en-
dophthalmitis “reported during this century,” of which 20 eyes
were lost to enucleation and 1 was lost to blindness. In their
review of B. cereus endophthalmitis, Callegan et al. (28) noted
a 70% loss of total vision resulting from enucleation or evis-
ceration. It is noteworthy that during the first half of the 20th
century, bacilli isolated from cases of endophthalmitis were not
identified to the species level and subsequently were all
grouped as Bacillus subtilis (36). In 1952, Davenport and Smith
(36) described a patient with B. cereus endophthalmitis based
on identification criteria of their isolate published 4 years ear-
lier in Bergey’s Manual of Determinative Bacteriology (68a). As
their patient’s clinical presentation closely mimicked those of
earlier reports of endophthalmitis attributed to B. subtilis, Dav-
enport and Smith raised the thought that those earlier reports
of endophthalmitis attributed to B. subtilis were actually “an
error of taxonomy.”

B. cereus endophthalmitis can be divided into two categories:
exogenous, attributable to globe-penetrating eye trauma, and
endogenous, originating through the hematogenous seeding of

the posterior segment of the eye from a distant site or through
direct intravenous acquisition through blood transfusion (75),
indwelling devices, or contaminated needles or injection par-
aphernalia or illicit drugs (59, 98, 119, 127) or by iatrogenic
administration of medications such as B vitamins (21) and
insulin (101). Bouza et al. (21) reported a case of severe sup-
purative endogenous panophthalmitis caused by B. cereus in a
43-year-old man, which resulted from the intravenous admin-
istration of B vitamins obtained from three multidose vitamin-
and mineral-containing vials, which, when cultured, grew pure
cultures of B. cereus. The patient received twice-weekly intra-
venous injections by his private physician for several weeks.
The last injection was administered less than 24 h prior to the
onset of the patient’s ocular symptoms, which consisted of a
12-h history of pain, swelling, and severe loss of vision in the
right eye.

In 1953, Kerkenezov (75) described a patient who had de-
veloped B. cereus endogenous panophthalmitis following a
blood transfusion, although the blood was not cultured. In this
instance, it is conceivable that other items, e.g., alcohol
sponges and gloves, etc., could have been contaminated with
B. cereus spores, which ultimately led to bacteremia and en-
dophthalmitis.

Hematogenous invasion of the eye among intravenous drug
abusers, attributable to contaminated heroin (138), cocaine
(98), and injection equipment (128) has been documented.
Shamsuddin et al. (119) cultured 59 samples of heroin and
injection paraphernalia, of which 20 cultures were positive.
Bacillus species were recovered from 13 of the 20 samples, 5
(38%) of which were B. cereus. In their earlier study (127),
these investigators recovered Bacillus species from 47 of 89
paraphernalia cultures and 32 of 68 heroin cultures. B. cereus
was the species most commonly isolated. Furthermore, B.
cereus keratitis or more significant eye infections in contact
lens wearers has been associated with acquiring the microor-
ganism from contaminated contact lens care systems (39).
Donzis et al. (39) pointed out that Bacillus spores can survive
multiple heat disinfection treatments as well as chemical dis-
infection systems used for the minimum recommended lens
care techniques.

Suspicion of the presence of B. cereus in a penetrating eye
infection may be related to occupation, e.g., metal workers (97),
and if the injury occurred in a rural area or agricultural setting
(37) or following cataract extraction surgery (case history). Re-
garding the latter, Simini (120) reported an outbreak of B. cereus
necrotizing endophthalmitis secondary to surgery for senile cata-
ract. Within a day of surgery, all four patients lost vision in the
affected eye. Although a single ophthalmologist was a member on
all of the surgical teams operating on the four patients in the same
operating room (OR) on the same day, no source of infection
could be identified, as a bacteriological investigation was not
undertaken until 3 days postsurgery. Based upon previous reports
of B. cereus nosocomial infections, as outlined in Table 1, con-
taminated fomites such as gauze, linens, and ventilators, etc., in
addition to health care workers’ hands, may have served as the
source of the B. cereus outbreak.

Diagnosis of endogenous and exogenous B. cereus endoph-
thalmitis should be attempted by immediate anterior-chamber
paracentesis. If microorganisms are not detected, this should

FIG. 6. Numerous Gram-positive bacilli in a smear of an anterior-
chamber aspiration sample from a patient with post-cataract surgery
endophthalmitis.
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be followed by a second vitreous aspiration after a short inter-
val (98), along with blood culture collection (57).

Because of the rapidity with which B. cereus can destroy an
infected eye, especially in cases of penetrating trauma with a
soil-contaminated foreign body, rapid therapeutic intervention
is mandatory irrespective of results of immediate diagnostic
testing (37). Early studies suggested the efficacy of intravitreal
antibiotics, namely, 1,000 �g of vancomycin in combination
with 400 �g of amikacin (133). Factors contributing to the
outcome of B. cereus endophthalmitis include duration be-
tween injury and treatment therapy chosen and condition of
the eye upon presentation (26, 49). Systemic antibiotics have
been used in concert with intravitreal antibiotics, but it is
noteworthy that vancomycin and aminoglycosides do not
readily penetrate into the vitreous fluid (46) due to the pro-
tective effect of the blood-ocular fluid barrier (26).

Using B. cereus to induce endophthalmitis in a rabbit
model, Liu and Kwok (87) injected 20 rabbit eyes intravit-
really with 0.1 ml of an isotonic sodium chloride solution
containing 1 � 106 CFU of B. cereus. After 24 h, 1 mg of
vancomycin alone in 0.1 ml of saline was administered in-
travitreally, and in a second group of rabbit eyes infected
with B. cereus, 1 mg of vancomycin and 0.4 mg of dexameth-
asone were simultaneously administered intravitreally. Eyes
treated with vancomycin and dexamethasone examined at 7
and 14 days expressed significantly less inflammation over
the conjunctiva and vitreous fluid at 7 days and over the iris
and vitreous fluid than did eyes treated with vancomycin
treatment alone. In reviewing reports of naturally acquired
B. cereus as well as experimentally induced endophthalmitis,
ocular entrance of the bacterium results in a massive de-
struction of the eye within 12 to 18 h (26), and in many
instances, vision loss occurs regardless of the therapeutic
and surgical intervention, largely because of the delayed
administration of antibiotics, toxin production of the infect-
ing strain, and migration and sequestration of the motile
bacillus out of antibiotic reach (27). For instance, in exper-
imental rabbit studies conducted by Callegan et al. (24), 100
CFU of B. cereus was inoculated into rabbit eyes. Inflam-
mation was observed at as early as 3 h, and from 12 to 18 h,
inflammatory symptoms were severe, with anterior-chamber
hyphema, severe iritis, and peripheral ring abscesses
present. The B. cereus strain used in their experiments was
recovered from a pediatric posttraumatic endophthalmitis
case that progressed to enucleation. In contrast, no infor-
mation was given regarding the source of the B. cereus strain
used by Liu and Kwok (87) in their studies. This raises the
possibility that the strain used was of potentially reduced
virulence, since one would expect substantial damage to the
eye during the 24-h interval from the inoculation and ad-
ministration of vancomycin and dexamethasone. Perhaps,
further studies with a clinically isolated, fully toxigenic B.
cereus strain will confirm or temper the results obtained by
Liu and Kwok (87).

Endophthalmitis Pathogenesis

It is well established that B. cereus elaborates a host of
tissue-destructive exotoxins that contribute to the devastating
outcomes in endophthalmitis (14). However, recent investiga-

tions into the pathogenesis of B. cereus-induced endophthalmi-
tis have identified several other factors that also contribute to
the poor outcome of B. cereus endophthalmitis.

Initially, Beecher et al. (14) suggested that the poor out-
come of antibiotic treatment of B. cereus endophthalmitis
was actually a consequence of continued tissue-destructive
activity independent of antibiotic bacterial killing. Among
the elaborated exotoxins incriminated in an experimental
rabbit model of destructive endophthalmitis conducted by
Beecher et al. (14, 15) were hemolysin BL (a tripartite
dermonecrotic vascular permeability factor), a crude exotoxin
(CET) derived from cell-free B. cereus culture filtrates, phosphati-
dylcholine-preferring phospholipase C (PC-PLC), and collage-
nase. The contribution of these factors individually or in concert
could account for retinal toxicity, necrosis, and blindness in
experimentally infected rabbit eyes. The toxicity of PC-PLC
was a direct result of the propensity of the secreted enzyme for
the phospholipids in retinal tissue, which may also act similarly
in human eye retinal tissue, which also contains a significant
amount of phospholipids (18). In a separate study, Callegan et
al. (25) showed that the role of BL toxin in intraocular B. cereus
infection was minimal, “making a detectable contribution only
very early in experimental B. cereus endophthalmitis but did
not effect the overall course of infection.” Intraocular inflam-
mation and retinal toxicity occurred irrespective of the pres-
ence of hemolysin BL, implying the contribution of other fac-
tors to pathogenesis.

In an experimental rabbit eye study of the pathogenesis of
bacterial endophthalmitis caused by the Gram-positive ocular
pathogens Staphylococcus aureus, Enterococcus faecalis, and
Bacillus cereus, Callegan et al. (24) concluded that B. cereus
endophthalmitis followed a more rapid and virulent course
than the other two bacterial species. Additionally, B. cereus
intraocular growth was significantly greater than those of S.
aureus and E. faecalis. Analysis of bacterial location within the
eye showed that the motile B. cereus rapidly migrates from
posterior to anterior segments during infection. This phenom-
enon was confirmed in a subsequent study (27) using wild-type
motile and nonmotile B. cereus strains, which confirmed that
while both strains grew to a similar number in the vitreous
fluid, the motile swarming strain migrated to the anterior seg-
ment during infection, causing more severe anterior segment
disease than the nonswarming strain.

Bacterial swarming is a specialized form of surface translo-
cation undertaken by flagellated bacterial species. Swarm cells
in a population undergo a morphological differentiation from
short bacillary forms to filamentous, multinucleate, and hyper-
flagellated swarm cells with nucleoids evenly distributed along
the lengths of the filaments (43, 52, 118). The differentiated
cells do not replicate but rapidly migrate away from the colony
in organized groups, which comprise the advancing rim of
growing colonies (43, 61, 118).

Swarming motility collectively stops, and swarm cells differ-
entiate back into the short bacillary forms. Swarming is
thought to be a mechanism by which flagellated microorgan-
isms traverse environmental niches or colonize host mucosal
surfaces (4). Moreover, swarming can play a role in host-
pathogen interactions by leading to an increase in the produc-
tion of specific virulence factors (4, 52).

Regarding B. cereus, Ghelardi et al. (52) showed a correla-
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tion between swarming and hemolysin BL secretion in a col-
lection of 42 B. cereus isolates. The highest levels of toxin were
detected in swarmers, which suggested that swarming B. cereus
strains may have a higher virulence potential than nonswarm-
ing strains.

Blood-Ocular Barrier

The eye is protected from inflammatory cells and blood
constituents by the blood-ocular barrier systems (102). The
barrier system separates the interior portion of the eye from
blood entering the eye and maintains the transparency and
function of the interior portion of the eye. There are two main
blood-ocular barriers, the blood aqueous barrier and the blood
retinal barrier, a barrier to the free diffusion of molecules
formed by tight junctions (18, 30). During experimental B.
cereus endophthalmitis, Moyer et al. (102) showed that the
bacterium causes a permeability of the blood-retinal barrier as
early as 4 h postinfection by the disruption of tight junctions
between endothelial cells and the basement membrane of ret-
inal capillaries and retinal pericytes. Such changes in the
blood-ocular barrier during endophthalmitis contribute to the
loss of retinal structure and function (78, 102). These authors
speculated that a group of B. cereus toxins might have contrib-
uted to the loss of barrier function in experimental B. cereus
endophthalmitis.

CENTRAL NERVOUS SYSTEM INFECTIONS

Case Vignette

A 28-year-old male presented with a complaint of bruising
and bleeding of the gums and nose and a 2-week history of
watery nonbloody diarrhea. Through the examination of a
bone marrow biopsy specimen, the patient was diagnosed with
T-cell acute lymphocytic leukemia, for which induction chemo-
therapy was administered. Seven days later, the patient devel-
oped chills, which was followed by a febrile episode 2 days
later. Blood cultures were obtained, which grew B. cereus bac-
teria. That night, the patient expired. Autopsy revealed bilat-
eral hemorrhagic necrosis of the brain (Fig. 7), with numerous
Gram-positive bacilli embedded in the necrotic areas (Fig. 2).

Central nervous system (CNS) invasion by B. cereus includes

meningitis (83, 129), meningoencephalitis (96), subarachnoid
hemorrhage (3, 50, 74), and brain abscesses (70, 114, 125)
occurring in pediatric (51, 102a) and adult (114) patients gen-
erally in the setting of immunosuppression due to leukemia
and other malignancies. In reviewing these various reports,
CNS infections occur secondarily to B. cereus bacteremia or
following induction chemotherapy (6, 51, 72, 74, 96). In a very
dramatic presentation, two patients developed fulminant sepsis
and massive intravascular hemolysis subsequent to induction
chemotherapy. Both patients had abdominal symptoms prior
to bacteremia (6).

The pathogenesis of B. cereus CNS infection in most cases is
obscure, although several risk factors are worthy of consider-
ation. A substantial number of patients developed necrotizing
brain lesions following intrathecal induction chemotherapy
(51, 72, 74, 96). Presumably, in addition to promoting neutro-
penia, this procedure could introduce ubiquitous B. cereus
spores from a multitude of environmental sources and fomites
(see “Nosocomial Infections”). Other routes of acquisition in-
clude bacteremia from a distal site and infected central venous
catheters (51) and other catheters used for the periodic ad-
ministration of remission induction chemotherapy.

In a series of 12 patients described by Gaur et al. (51) from
whom B. cereus was isolated from blood cultures, 4 had leuke-
mia and underwent a lumbar puncture with the intrathecal
administration of chemotherapy in the week preceding CNS
infection. The introduction of B. cereus into the CNS during
this procedure is conceivable. Further support for the intra-
thecal route of acquisition of B. cereus is the absence of posi-
tive blood cultures for some patients who developed CNS
infection following the intrathecal administration of chemo-
therapy.

Several authors have advanced the possibility of the gastro-
intestinal tract as a potential source of the B. cereus strain
involved in CNS infections, as patients either presented with
gastrointestinal symptoms (nausea, vomiting, epigastric pain,
or diarrhea) suggestive of food poisoning prior to CNS involve-
ment (3, 50, 51, 101) or developed gastrointestinal symptoms
concomitant with CNS involvement (3, 96). The concept un-
derscores the acquisition of B. cereus from an exogenous
source, e.g., food and water, etc., with gastric invasion, mucosal
necrosis, and spread to the liver and CNS via blood circulation
(3, 50). Support for this premise can be acquired at autopsy,
which may reveal liver involvement (abscesses and infarcts) (3,
50, 51, 96, 140). Furthermore, Gaur et al. (51) reported the
recovery of B. cereus from rectal swabs of three of four patients
with B. cereus bacteremia and meningitis within 72 h of hospi-
tal presentation. Similarly, Funada et al. (50) isolated B. cereus
in surveillance stool cultures of a leukemic patient who devel-
oped fatal bacteremia with a clinical syndrome of acute gas-
troenteritis, meningoencephalitis with subarachnoid hemor-
rhage, and multiple liver abscesses and liver infarcts replete
with B. cereus infiltration. In an unrelated survey, Ghosh (53)
isolated B. cereus from 14% of healthy adults in the general
population and from a similar percentage of laboratory work-
ers. Excretion rates persisted for 2 weeks. Ghosh concluded
that the colonization represented the intake of B. cereus in an
individual’s diet.

While the above-described speculations on B. cereus origins
from the gastrointestinal tract are indeed intriguing, two sep-

FIG. 7. Hemorrhagic necrosis of brain due to B. cereus invasion in
a patient with lymphocytic leukemia.
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arate reports by Girsch and colleagues (54) and Le Scanff et al.
(85) may well have advanced these concepts. Girsch et al. (54)
described a premature, cesarean-section-delivered infant who
developed multiple small-bowel necrotic perforations and ab-
dominal peritonitis 3 days postbirth. Culture of the abdominal
cavity grew only B. cereus. These authors attributed the ne-
crotic areas of the small intestine to B. cereus enterotoxins (91,
129). One may draw a parallel between the infant’s gastroin-
testinal pathology and that of leukemic patients whose immune
system is markedly compromised by chemotherapy and who
may have acquired B. cereus intestinal colonization/infection
due to chemotherapy-induced mucosal insult (85).

Le Scanff et al. (85) described a 37-year-old woman with
acute myeloblastic anemia who developed sudden severe non-
radiating epigastric pain accompanied by massive hematemesis
2 months after induction chemotherapy. Upper gastrointesti-
nal endoscopy showed a narrowed gastric lumen with severely
inflamed gastric mucosa with hemorrhagic, erosive, and ne-
crotic areas extending from the corpus to the antral region.
Gastric mucosa and blood culture grew only B. cereus. Histo-
logical examination of biopsy specimens revealed extensive
necrosis and a large number of bacteria (bacilli) in the gastric
mucosa. Those authors hypothesized that neutropenia, immu-
nosuppressive treatment, and gastric mucosal injury due to
chemotherapy may have facilitated B. cereus colonization of
the gastric mucosa, leading to the onset of acute necrotizing
gastritis. The source of B. cereus could have been food, swal-
lowing respiratory secretions containing B. cereus colonizing
the throat (31), or hematological spread, although in this case,
it was not clear if bacteremia preceded gastric invasion or was
a consequence of erosive gastric disease.

Two unusual cases of B. cereus meningitis were described
by overlapping authors at the University Hospital of Leiden,
in which 19-year-old and, 4 years later, 18-year-old leukemia
patients developed B. cereus bacteremia and meningitis sub-
sequent to chemotherapy-induced neutropenia. In the first
instance (31), the 19-year-old patient who was being treated
for active myelomonocytic leukemia under gnotobiotic con-
ditions in a laminar-airflow isolation room was noted by
throat culture to be colonized with B. cereus a week prior to
the spread of the bacterium to the meninges, which resulted
in the death of the patient within 48 h. Those authors stated
that B. cereus contamination of the isolated decontaminated
patient was not surprising since food fed to the patient “is
allowed to contain a small quantity of it” (B. cereus). The
authors’ comment suggests that food for patients under gno-
tobiotic isolation is treated to reduce bacterial concentra-
tions and is cultured prior to feeding of the patient. In this
regard, the recovery of even a few colonies of B. cereus was
regarded as harmless until the bacterium was “cultured from
other than routine sites.”

The second case (60), involving the 18-year-old leukemic
patient, was indeed tragic, as the patient, on his last day of
treatment prior to being placed in protective isolation, was
allowed to take a short walk on the hospital grounds. By acci-
dent, he fell, which resulted in a minor abrasion on his fore-
arm, which was washed and cleansed and regarded as unim-
portant. Over a 2-day period, the patient became febrile and
complained of malaise, and his arm was not swollen but tender,
with a demarcated erythematous area above the wound. Gram

staining of a serous exudate revealed “large Gram-positive
rods thought to be Clostridium species because of his ‘street
injury,’” and the patient was treated with penicillin. Concom-
itantly, but unrelated to his infection, his leukocyte count
dropped. Despite additional broad-spectrum antibiotic ther-
apy, blood and wound cultures grew B. cereus, and a computed-
tomography scan revealed signs of a damaged blood-brain
barrier potentially compatible with toxic encephalitis. Three
days after the initial injury, the patient died due to respiratory
arrest. In the first case, the isolation of B. cereus from a throat
culture was not considered serious, while in the second case,
the visualization of “large Gram-positive rods on smear of the
wound exudate” was interpreted as a Clostridium species, and
penicillin was administered to the patient, which the authors
later realized was ineffective against the prodigious �-lacta-
mase-producing B. cereus. In a scenario somewhat reminiscent
of the case described above, Gröschel et al. (58) reported a
case of a 35-year-old patient with a histocytic lymphoma in
remission receiving chemotherapy who developed a fulminant
gas gangrene-like infection of the hand. The hand infection
developed a few hours after the patient hit his right hand with
a wrench while working on his car. His white blood cell (WBC)
count was 1,200 cells/mm3 at the time of the injury. Upon
admission to the hospital, he was febrile, and his right hand was
diffusely swollen with purplish discoloration of the fingers and
the dorsal and palmar surfaces. On the dorsum, there were
several bullae with serosanguinous drainage. Gram staining of
the exudate showed Gram-positive rods (which later proved to
be B. cereus) with no leukocytes. The patient was initially
treated with penicillin for suspected Clostridium perfringens
infection. Incision and drainage were undertaken, and when B.
cereus was identified, penicillin was discontinued and lincomy-
cin treatment was started, which resulted in clinical improve-
ment. Nevertheless, because of extensive necrosis, the third,
fourth, and fifth fingers were removed.

GAS GANGRENE-LIKE INFECTIONS

The second meningitis case described above introduces the
capacity of B. cereus to produce a clinical syndrome resembling
clostridial myonecrosis.

Johnson et al. (73) also presented a case of presumed
clostridial myonecrosis in a 20-year-old marine who endured
a crush injury to his left arm when he caught it between two
train cars and sustained an incomplete amputation and a
commuted fracture of the radius and ulna. Three days post-
surgery, the patient appeared septic, and his left arm was
notably increased in size, with slight crepitance and a brown
watery fluid oozing from the wound. Gram staining of su-
perficial tissue revealed numerous Gram-positive and
Gram-variable rods without spores and a few WBCs, sug-
gesting C. perfringens myonecrosis. The patient was taken to
surgery, where an above-the-elbow open amputation was
performed because of a deteriorating clinical condition.
Penicillin was administered, and the patient was begun on a
hyperbaric-oxygen protocol for presumed C. perfringens-
induced gangrene. When cultures grew B. cereus, antimicro-
bial therapy was changed, and the hyperbaric protocol was
discontinued. An analogous case was described by Sada et
al. (113), that of a diabetic patient with alcoholic hepatop-
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athy who developed B. cereus fasciitis and myonecrosis. The
patient was initially treated with penicillin on the basis of
the presence of Gram-positive bacilli in smears of the lesion.
After extensive debridement twice, on the third hospital
day, a culture of the lesion grew B. cereus (“despite the
initial expectation”), which prompted an immediate switch
from penicillin to vancomycin, with gradual improvement.
The patient was discharged on the 94th hospital day after
several debridement and skin graft operations. Perhaps, the
takeaway lesson here is that one should render antibiotic
coverage that would include activity against B. cereus (e.g.,
vancomycin, clindamycin, and gentamicin) as well as against
Clostridium species until the identification of the Gram-
positive bacillus is achieved. To further stress the necessity
for an early differentiation of the two bacillary species, Dar-
bar et al. (35) described a gas gangrene-like necrotizing
infection due to B. cereus in an 8-year-old boy after a small
tree branch pierced the child’s left leg. Blistering developed
above the wound, and crepitus was detected. The potential
for B. cereus to mimic clostridial myonecrosis or even strep-
tococcal necrotizing fasciitis should be considered when a
patient presents with either of these suspected soft-tissue
infections. The mimicry of B. cereus myonecrosis compared
to that caused by C. perfringens may in part be attributed to
phospholipase activity, which in C. perfringens accounts for
increased capillary permeability, platelet aggregation, he-
molysis, and myonecrosis (48), all attributes described for B.
cereus-induced myonecrosis (58).

In reviewing B. cereus gas gangrene-like infections, I was
troubled by the fact that B. cereus, in contrast to C. perfringens
(which ferments carbohydrates in muscle tissue and produces
gases, CO2 and H2 [93]), is anaerogenic with regard to fer-
mentable carbohydrates (89; my unpublished data). This trou-
bling dilemma, however, may have been solved by an intensive
literature search, which uncovered a reported Fitzpatrick et al.
(47), which also included P. C. B. Turnbull, a renowned expert
on microorganisms of the family Bacillaceae, especially B.
cereus, as an author (129, 130, 131, 132). In this report of two
gas gangrene-like infections due to B. cereus from 1979, those
authors also recognized that B. cereus “does not produce gas to
any obvious extent in routine laboratory tests.” The authors
offered, however, “that the production of gas during anaerobic
reduction of nitrate is a characteristic of B. cereus.” It was
suspected that the gas was nitrogen, and I undertook another
search under the definition of denitrification, which rendered
the following finding: the formation of the gases nitrogen
and/or other oxides of nitrogen from nitrate to nitrite by cer-
tain bacteria during anaerobic respiration. Denitrification oc-
curs only under anaerobic or microaerophilic conditions, when
there is a sufficient amount of organic carbons to support the
reaction. From personal experience, this concept may be rel-
evant, as mixed B. cereus and C. perfringens infection may occur
following traumatic accidents involving soil and water contami-
nation. A review by Bessman and Wagner (19) described 48 cases
of nonclostridial “gas infection” in diabetic patients with or with-
out gangrene caused by members of the family Enterobacteriaceae
alone or in combination with anaerobes (Bacteroides fragilis) and
Enterococcus species. There again, those authors stressed that
rapid diagnosis is critical since appropriate antibiotic therapy and
surgery can result in low mortality rates.

DIFFERENTIATION OF B. CEREUS FROM
C. PERFRINGENS

Case Vignette

Several years ago a 21-year-old patient was transferred to
the Mount Sinai Hospital (New York, NY) with a diagnosis
of gas gangrene subsequent to an automobile accident in
which he was trapped under his vehicle in a body of muddy
water. Gram-stained smears of the involved leg revealed
Gram-positive rods (Fig. 8), which grew beta-hemolytic col-
onies aerobically and anaerobically upon culture and when
isolated and identified proved to be those of B. cereus and C.
perfringens. As the patient’s course did not improve despite
hyperbaric therapy and antibiotic treatment, he was taken to
the operating room for disarticulation of the infected leg.
Prior to surgery, however, the surgeons submitted a piece of
necrotic tissue to determine if “Clostridium perfringens was
still present in the wound.” A Gram stain smear of a touch
imprint of the tissue specimen showed Gram-positive bacilli.
In view of the presence of two morphologically similar ba-
cilli in the original smears and cultures, the issue of answer-
ing the surgeon’s question was daunting. To differentiate
between the two bacillary forms, an India ink preparation
(as outlined in the legend of Fig. 9) was performed, which
revealed the presence of encapsulated bacilli consistent with
C. perfringens. This information was relayed to the surgeons
awaiting a response in the operating room, who then under-
took their surgical procedure. The following day, a culture
of the necrotic tissue grew only C. perfringens. A rapid dif-
ferentiation between B. cereus gangrene-like myonecrosis
from C. perfringens myonecrosis can be achieved initially by
performing an India ink test directly with a tissue sample
from the wound. The absence of capsules suggests infection
with B. cereus or perhaps a non-C. perfringens clostridial
species, which nevertheless should indicate antibiotic cover-
age for B. cereus while awaiting culture results.

CUTANEOUS INFECTIONS DUE TO TRAUMA

For patients who suffer bodily trauma, whether by penetrat-
ing objects or as a consequence of burns or motor vehicle-

FIG. 8. Gram-positive uniform bacilli in a smear of a myonecrosis
lesion that grew B. cereus and C. perfringens.
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related trauma, infection remains a leading cause of death.
Depending upon the environment in which the trauma takes
place, e.g., fresh or salt water or soil, recognized microbial
species such as Pseudomonas aeruginosa or Aeromonas or
Vibrio species predominate (107), whereas Bacillus species iso-
lated from trauma-induced wounds, whether water related or
not, are usually regarded as contaminants and basically ignored
until a more dramatic complication such as, for example, sepsis
or necrotizing fasciitis occurs and is attributed to the bacillary
species. In recent years, however, the recognition of B. cereus
as a major pathogen infecting individuals who sustain trau-
matic injuries is being well documented (2, 22, 42, 81, 107).
Because of the wide environmental distribution of B. cereus
spores, especially in soil, they can easily disseminate through
dust, water, and food. A consequence of this widespread dis-
persion is open-wound infections, whether postsurgical (2) or
posttraumatic, e.g., gun shot wounds (81), injection drug abuse
(22), ground-contracted open-wound fractures (138), and se-
vere war wounds (65), which may occur in both immunocom-
petent and immunosuppressed individuals, while infections re-
sulting from hematogenous dissemination are more likely to
occur in the setting of immunosuppression. Risk factors for
these cases include mainly articulation with soil and water in
addition to contaminated medicinals such as insulin (100) and
heroin (22) in the setting of drug abuse among other injection-
administered medicinals. Wound contamination with B. cereus
can take place at the time of initial trauma due to the ubiqui-
tous presence of B. cereus spores in the environment. Alterna-
tively, the capacity of B. cereus spores to persist in plaster-
impregnated gauze (112), incontinence pads, and hospital
linen (11, 12) as well as in many antiseptics such as chlorhexi-
dine, povodone iodine, and alcohol (42, 69) facilitates this
bacterium’s capacity to function as a secondary nosocomial
invader of sites of traumatic injury (Table 1).

PRIMARY CUTANEOUS INFECTIONS

From the data reviewed above, it is apparent that B. cereus
infections predominate in immunosuppressed patients, while
primary cutaneous infections may occur in both immunosup-
pressed (58, 63, 76) and nonimmunosuppressed individuals,
with the latter usually being associated with traumatic incidents
(2, 22, 42, 65).

In a review of culture reports for children with neutropenic
cancer treated at St. Jude Children’s Research Hospital from
1983 to 1988, Henrickson et al. (62) reported 10 cases of B.
cereus primary cutaneous infections in the absence of positive
blood culture results. The lesions, which developed mainly on
the extremities, e.g., finger, toe, and limb, were initially vesic-
ular and then became purulent with rapidly spreading cellulitis.
In no instance did the affected patients have signs of or history
of injury to the skin. The review revealed that all 10 infections
occurred during the spring and summer months, drawing an
analogy to B. anthracis cutaneous infections of children in the
Gambia (West Africa), which have a predominance in the dry
(November to May) season and persist through the rainy
months of June, July, and August (66). B. anthracis spores
survive in uncultivated soil and at ambient temperatures above
15°C, similar to conditions of the lower Mississippi valley.
Those authors then speculated that B. cereus spores, which are
widespread in soil, may be common in the hospital (Memphis,
TN) environment. Spores of B. cereus may enter the skin of
hands and feet, which are often in contact with the environ-
ment through microscopic skin abrasions (Fig. 10), as do
spores of B. anthracis (63, 66). Clinically, the evolving skin
lesions of B. anthracis infection start with a papule, which
becomes serous or serosanguinous and develops a black eschar
that is similar to some of the B. cereus skin lesions described by
Henrickson et al. (62). The elaboration of the various B. cereus
exotoxins, including dermonecrotic toxin, may well account for
eschar production in B. cereus cutaneous infections (13).

On the heels of the publication by Henrickson was a report
by Dryden and Kramer (41), who described primary cutaneous
infections among 21 healthy individuals, 18 to 27 years of age,
undertaking an expedition in a remote rain forest in Costa

FIG. 9. India ink preparation of exudate from a gangrenous lesion
showing encapsulated bacilli, which allowed the differentiation of C.
perfringens from B. cereus. The smear was prepared by emulsifying
fragments of necrotic tissue in India ink and smearing contents with
another glass slide across the prepared slide. After drying, crystal violet
was applied to the slide, and the slide was rinsed gently, air dried, and
examined under oil immersion.

FIG. 10. Rapidly spreading erythematous cellulitis in a 17-year-old
patient following a puncture wound to sole of the foot while walking
barefoot in a garden. Aspiration of spreading erythema grew B. cereus.
Note the site of puncture on the heel of the foot.
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Rica, Central America. Infections developed almost exclu-
sively on the extremities following multiple lacerations from
injury by rocks, thorns, machetes, and mosquito and tick bites
and one following an attack by a wild peccary (pugnacious
hog-like ungulate). Of 36 wound specimens cultured, B. cereus
was isolated from 30 cultures, 24 of which resulted in heavy
growth. Altogether, 14 of 18 expedition members developed B.
cereus infections, while the remaining 3 patients developed
Streptococcus pyogenes cutaneous infections. B. cereus was also
recovered from 15 nose swabs and five throat swabs, which is
most likely due to the fact that “expedition members were
continuously covered in dust and dirt throughout the 6 weeks
in the jungle.” Sixteen of the strains were prodigious producers
of one or more exotoxins having necrotic activity, a finding
correlating with the clinical presentation of pyoderma with
surrounding cellulitis.

ENDOCARDITIS

The rarity of a B. cereus infection of the heart of a drug
addict was documented in an almost obscure letter by Craig et
al. (34), who vividly penned the course of endocarditis in an
18-year-old girl who was a heroin addict and had an atrial
septal defect. Upon admission, numerous needle tracks were
present, but no petechiae or retinal hemorrhage was apparent.
Because of abnormal cardiac sounds and elevated leukocyte
counts, blood cultures were drawn upon admission, and during
the next 4 days, all of them grew B. cereus. Those authors
suspected that tricuspid-valve endocarditis was induced during
self-administration of drugs. Despite some early setbacks with
inappropriate antibiotic treatment, e.g., penicillin, the patient
responded well to intravenous clindamycin. Later studies of
bacteremia in drug addicts incriminated heroin and contami-
nated injection paraphernalia (84, 127, 137) as risk factors in
addition to cardiac anomalies.

Since that early description, B. cereus endocarditis in drug
addicts and in patients with an intravascular device has been
well recognized. In a review of B. cereus by Steen et al. (123),
they noted that the rates of morbidity and mortality associated
with B. cereus endocarditis were high among patients with
valvular heart disease (20, 29, 105, 121). In the course of their
review, those authors noted that 10 cases of endocarditis had
been previously reported: 6 were drug addicts (including that
reported by Craig et al.), 1 had a pacemaker, and the remain-
ing cases had valvular disease. Since that review was published,
several more case reports of B. cereus endocarditis in the set-
ting of patients with pacemakers (1, 121), two cases of infection
of a prosthetic mitral valve (20, 29), and two cases under
remarkable circumstances (32, 126) have surfaced. The first
case (126) was that of a 12-month-old girl with no past medical
history who presented with bloody diarrhea attributable to
ulcerative colitis that was later complicated by B. cereus endo-
carditis and cerebral infarctions (not necessarily related to
endocarditis). In this instance, there were two factors that may
have contributed to B. cereus sepsis and endocarditis. Initially,
colonic endoscopy and biopsy specimens showed a swollen
reddened mucosa with multiple erosions and a prodigious in-
filtration of inflammatory cells and microabscesses in the
crypts. Although the presence of microorganisms was not com-
mented upon in that report, invasion of B. cereus through the

disrupted mucosa could have taken place, with food as the
source of the bacterium. The second risk factor was the ad-
ministration of betamethasone suppositories, which was fol-
lowed by high fever and marked leukocytosis.

The second case, reported by Cone et al. (32), is noteworthy
in that it possessed many of the above-described issues asso-
ciated with B. cereus infections in immunosuppressed individ-
uals. The patient was a 38-year-old male farm worker (risk 1)
with relapsing acute lymphoblastic leukemia (risk 2) who de-
veloped spontaneously an ulcerating ulcer on his anterior
thigh, which was surrounded by a nontender area of erythema
from which B. cereus was isolated concomitant with a positive
blood culture. After 2 weeks of intravenous therapy (penicillin
and vancomycin) and, later, therapy with gatifloxacin orally,
the patient received chemotherapy (risk 3), which a day later
led to neutropenic B. cereus bacteremia. The patient expired 3
days later. At autopsy, the patient was found to have acute mitral-
valve endocarditis and bilateral brain abscesses. Because the de-
velopment of his cutaneous lesion was followed by sepsis, those
authors likened his infection to that of B. anthracis.

With the exception of intravenous drug abuse-associated B.
cereus endocarditis, the source of the microorganism in many
cases is somewhat occult. In patients with an inserted pace-
maker or prosthetic valve in place, one may speculate that
asymptomatic B. cereus bacteremia could induce endocarditis.
Alternatively, the repeated use of a venipuncture site for hep-
arin injections could be the venue for introducing B. cereus into
the bloodstream. In one instance the site was reported to be
swollen and tender, which was attributable to the development
of thrombophlebitis (29). Other possibilities include B. cereus
invasion of the gastrointestinal tract under appropriate condi-
tions, as outlined above, and, through hematological spread,
colonization of a susceptible cardiac valve.

OSTEOMYELITIS

Bone infections by B. cereus are somewhat rare, and as of
1994, only nine cases were uncovered by Schricker et al. (117)
in their review of this topic. Most of the cases were not re-
ported individually but, rather, were included as part of reviews
of the spectrum of B. cereus infections (45, 121, 128). B. cereus
osteomyelitis in these patients was associated with intravenous
drug addiction and surgical trauma, in addition to two individ-
uals not included in the review who had sustained motor ve-
hicle trauma prior to developing B. cereus osteomyelitis (138).
Infections were either monobacterial or mixed with another
copathogen, e.g., Staphylococcus aureus (117). In no instance
was a case of B. cereus osteomyelitis documented in the ab-
sence of one or more of the above-described risk factors, e.g.,
in addition to alcohol abuse or sickle cell-thalassemia disease
(122).

URINARY TRACT INFECTIONS

A PubMed search of the literature revealed one docu-
mented case of B. cereus urinary tract infection in a 71-year-old
woman with invasive bladder cancer (115). The patient under-
went radical cystectomy and percutaneous left ureterostomy,
after which an indwelling urethral catheter was placed, along
with treatment with cephalosporin and other antibiotics. Five

VOL. 23, 2010 BACILLUS CEREUS, A VOLATILE HUMAN PATHOGEN 393

 on S
eptem

ber 5, 2014 by Y
O

R
K

 T
E

A
C

H
IN

G
 H

O
S

P
IT

A
L

http://cm
r.asm

.org/
D

ow
nloaded from

 

http://cmr.asm.org/


weeks postoperatively, she presented with fever, shaking chills,
and pyuria and was diagnosed with pyelonephritis of the left
kidney. A urine culture grew B. cereus, which those authors
suspected colonized the catheter and ascended into the urinary
system through ureterostomy irrigation, which was performed
several times daily. Among the virulence mechanisms of B.
cereus pathogenesis, adherence to catheters via biofilm forma-
tion and motility could have easily accounted for the ascension
of the bacterium into the urinary tract. Occult listings of B.
cereus urinary tract infections have also cited instrumentation
as a prelude to infection (128).

ANTIBIOTIC SUSCEPTIBILITY

The clinical spectrum of B. cereus infections is multifaceted,
and therapeutic options usually revolve around the antibiotic
susceptibility pattern of the isolated strain. In general, most B.
cereus isolates are resistant to penicillins and cephalosporins as
a consequence of �-lactamase production. In the setting of a
suspected B. cereus infection, empirical therapy may be neces-
sary while awaiting the antibiotic susceptibility testing profile.
Resistance of B. cereus to erythromycin, tetracycline, and car-
bapenem has been reported (77, 116), which may complicate
the selection of an empirical treatment choice. To address this
issue, several investigators have undertaken in vitro suscepti-
bility studies utilizing various methodologies to provide some
guidance while awaiting isolate-specific susceptibility data.

An early study of 54 B. cereus strains isolated from blood
cultures (15 judged significant [23 possibly significant]) con-
ducted in 1988 by Weber et al. (136) showed that all strains
tested by microdilution were susceptible to imipenem, vanco-
mycin, chloramphenicol, gentamicin, and ciprofloxacin. Most
strains were resistant to clindamycin, cefazolin, and cefo-
taxime. Many strains were susceptible to erythromycin and
tetracycline. Using National Committee for Clinical Labora-
tory Standards (NCCLS) breakpoints for aerobic bacteria (103,
104), microdilution and disk diffusion susceptibility testing
showed that data collected by disk diffusion correlated with
microdilution results showing that all B. cereus isolates were
resistant to penicillins (except mezlocillin), oxacillin, and ceph-
alosporins. Clavulanic acid combined with ticarcillin did not
lead to increased activity. Based on their data, those authors
stated that “the drug of choice for B. cereus infections appears
to be vancomycin” and that broad-spectrum cephalosporins
and ticarcillin-clavulanate should be avoided in the empirical
treatment of patients with suspected B. cereus infection.

With the advent of the Etest, in 2004, Turnbull et al. (132)
reported their results for MICs of selected antibiotics against
67 B. cereus strains implicated in nongastrointestinal infections
(21) and food poisoning (15) and from the environment (31).
With this selection of isolates, those authors thought the re-
sults would give the greatest guidance for initial empirical
therapy of B. cereus infections. For comparison, 15 of the B.
cereus strains were also tested by using an agar dilution
method. An analysis of the results for the different categories
of B. cereus isolates did not reveal any group trends. From the
authors’ data, and quoting many case reports of B. cereus
infections, they concluded that resistance to penicillin, ampi-
cillin, cephalosporins, and trimethoprim is constant, while sus-
ceptibility to clindamycin, erythromycin, chloramphenicol, van-

comycin, the aminoglycosides, and tetracycline is usually
observed. Susceptibility to ciprofloxacin was uniform, and it
has been shown to be highly effective in the treatment of B.
cereus wound infections (132).

Luna et al. (90) tested 42 B. cereus isolates by Sensititre and
Etest methods and reported results similar to those reported
above (132, 136). In the final analysis in each of the reported
studies, small populations of B. cereus isolates showed resis-
tance to clindamycin, erythromycin, and trimethoprim-sulfa-
methoxazole. Regarding newer antibiotics, Luna et al. (90)
extended their spectrum of therapeutic/prophylactic antimicro-
bials, which included gatifloxacin, levofloxacin, moxifloxacin,
rifampin, daptomycin, and linezolid, to which all 42 isolates
were 100% susceptible.

CONCLUSIONS

There is no conclusion to the saga of human infections due
to B. cereus. Despite their supposed “rare occurrence,” the
recognition of this seemingly stealth, environmentally perva-
sive bacterium coexisting with human flora is indeed a “Tale of
Two Cities.” On the one hand, the bacterium has evolved a
panoply of virulence-related attributes such as adhesins and
toxins that enable its entry and survival within the human host
and, under appropriate circumstances, enable it to breach bar-
riers to produce disease in various anatomical compartments.

The major hurdle in evaluating its presence when isolated
from a clinical specimen is overcoming its nagging stigmata as
an “insignificant contaminant,” which is still in vogue despite a
globally ongoing documentation of extraintestinal infections.

Indeed, outside the notoriety of B. cereus in association with
food poisoning and eye infection, recognition and appreciation
for the multitude of other serious infections such as fulminant
sepsis and devastating central nervous system infections are
lacking. The suspicion of the association of B. cereus with these
mounting infectious complications moves with a fatal lethargy
in its recognition as a bona fide human pathogen. Clinicians
and clinical microbiologists must both give serious consider-
ation to the significance of a B. cereus isolate from a clinical
specimen, especially if the patient is immunosuppressed.

B. cereus, by virtue of its extensive exoenzyme armamentar-
ium, is centrally situated between B. anthracis and, although
anaerobic, C. perfringens, forming a formidable link enjoining
these spore-forming bacterial species. B. cereus can acquire
and harbor B. anthracis genes producing anthrax-like pulmo-
nary infections and, through its exoenzyme profile, some of
which overlaps with that of C. perfringens, causing gas gan-
grene-like cutaneous infections.

While B. cereus engenders clinical presentations that coin-
cide with those of its close bacterial relatives, its extraintestinal
spectrum of human infections, as noted herein, exceeds those
attributed to the two more-renowned bacterial species. One
can envision B. cereus as a biblical Sampson, arms spread
between two pillars, embracing rather than undoing a common
bond! Perhaps, by the time a new review of B. cereus is penned,
the bacterium would have acquired its acceptance as a volatile
human pathogen, quiescent in nature yet a formidable human
adversary!
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Abstract

Neonatal sepsis is a common and deadly disease. It is broadly defined as a systemic inflammatory response,
occurring in the first fourweeks of life, as a result of a suspected or proven infection. Yet, more reliable and
consistently applied diagnostic criteria would help improve our knowledge of the disease epidemiology.
Several therapeutic attempts to control systemic inflammation in sepsis were unsuccessful. Immediate
empirical administration of broad-spectrum anti-microbials, aggressive fluid resuscitation, and vaso-active
or inotropic support (or both) are the mainstays of the therapeutic management of neonatal sepsis.

Introduction
Worldwide, 360,346 neonates died from sepsis and other
infections in 2011 [1]. By definition, “neonatal” pertains
to the first four weeks postnatal, whether born prema-
turely or at term. This article will pay particular attention
to neonatal sepsis in term babies and review recent
evidence published over the last two years. We will also
focus our discussion on the management of neonates
admitted to the pediatric intensive care unit (ICU) for a
neonatal sepsis.

1. Diagnostic criteria of neonatal sepsis
In 2005, the International Pediatric Sepsis Consensus
Conference defined sepsis as a “systemic inflammatory
response syndrome (SIRS) in the presence of or as a
result of suspected or proven infection” [2]. A SIRS is
considered present if at least two of the following four
criteria are observed, one of the two being abnormal
temperature or leukocyte count:

• Core temperature ofmore than 38.5°C or less than 36°C.

• Tachycardia, or bradycardia for children younger than
1 year old.

• Mean respiratory rate of more than 2 standard
deviations (SDs) above normal for age or mechanical

ventilation for an acute process not related to underlying
neuromuscular disease or the need for general
anesthesia.

• Leukocyte count elevated or depressed for age (not
secondary to chemotherapy-induced leukopenia) or
more than 10% immature neutrophils.

The diagnostic criteria listed above were developed to
improve the diagnosis of pediatric sepsis, from newborns
to adolescents up to 18 years of age; the diagnostic value of
these criteria has not been estimated in neonatal sepsis.

Other diagnostic criteria have been suggested. In 2010,
a group of European experts suggested a list of seven
clinical and six laboratory parameters defining late-onset
neonatal sepsis. In a prospective study, Lutsar et al. [3]
showed that the predictive value of these criteria to
recognize cases of culture-proven late-onset neonatal
sepsis was 61% (95% confidence interval (CI) 52% to
70%), which is almost equivalent to tossing a coin.
Classic sepsis criteria, such as impaired peripheral
perfusion, increased oxygen requirement, and mottled
skin, were observed in only 40% of affected children!
Hence, a more reliable list of diagnostic criteria for
neonatal sepsis should be developed and validated,
which should probably include not only clinical data but
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also laboratory parameters like cord blood level of
procalcitonin or interleukin (IL)-6 or both [4,5].

2. Septic states
Experts in critical care medicine defined three septic
states: sepsis, severe sepsis, and septic shock [2,6]. Does it
make sense? Leclerc et al. showed that there is an added
prognostic value if one differentiates these three septic
states: the hazard ratios of mortality were 7.43 (95% CI
1.01 to 54.8) in critically ill children with sepsis, 27.40
(95% CI 3.26 to 230.4) in patients who contracted severe
sepsis, and 61.40 (95% CI 7.8 to 486.1) in those with
septic shock [7]. Clearly, the frequency of these three
septic states must be taken into account in all rando-
mized controlled trials (RCTs) where the efficacy of a
treatment is studied in critically ill children, including
neonates. The relationship between SIRS, sepsis, severe
sepsis, septic shock, and multiple organ dysfunction
syndrome (MODS) is illustrated in Figure 1.

3. Epidemiology
There are good studies on the epidemiology of severe
sepsis, but not on sepsis, probably because many studies
were based on a public database using International
Classification of Diseases, Ninth Revision (ICD-9) codes.
The Centers for Medicare &Medicaid Services (www.cms.
gov) do not reserve an ICD-9 code for sepsis, but do so

for severe sepsis (995.92) and septic shock (785.52 and
998.02). In 1995, the incidence rate of severe neonatal
sepsis and septic shock in 7 American states was 3.6 cases
per 1,000 of population with a case fatality rate of
10.3%; about one third of severe neonatal sepsis was
observed in term babies [8,9]. Similarly, 62 neonates
were admitted to the pediatric ICU Sainte-Justine
Hospital over a 1-year period (2010); frequency rates
were 50% (n = 31) for SIRS alone, 29% (n = 18) for
sepsis, 11% (n = 7) for severe sepsis, and 6% (n = 4) for
septic shock [10].

By definition, early-onset sepsis happens within the first
week after birth (some would say in the first 72 hours of
life [11]). Its incidence in the UK is about 0.5 per 1,000
term births; the mortality rate is about 10%, and severe
permanent disability is frequently observed in survivors
[12]. Late-onset sepsis occurs between the 8th and the
89th day after birth. In a prospective study conducted
in Taiwan, 17% of late-onset neonatal sepsis cases (118
out of 713) were detected in term neonates rather than
premature babies.

4. Sepsis-related complications
Sepsis can cause many severe complications happening
while the patient is in the ICU, like acute lung injury,
cardiac dysfunction, capillary leak syndrome, coma, critical
care neuromyopathy, thrombosis, coagulopathy, hemor-
rhage, hepatic failure, renal failure, reactive hemophago-
cytic syndrome, hyperglycemia, nosocomial infections,
MODS, and death [13]. The epidemiology of these
complications is not so well determined. These acute
complications may be compounded by alteration of
drug pharmacokinetics in sepsis. For example, Pettersen
et al. [14] showed that clearance of pantoprazole was
profoundly decreased in SIRS and sepsis. Moreover, many
drugs have a large volume of distribution and decreased
clearance in neonates, more so than in older patients [11].
Actually the effect of SIRS, sepsis, MODS, and age on the
pharmacology ofmany drugs given to critically ill neonates
remains to be ascertained.

After the ICU stay, numerous long-term complications
are also described in the literature, such as persistent
inflammation [15]; severe chronic pain [16]; neuro-
developmental problems [17]; ICU-acquired weakness
[16,18]; stress ulcer-related upper gastro-intestinal bleed-
ing [19]; persistent renal dysfunction [20,21]; sleeping
problems and post-traumatic stress disorder [22]; depres-
sion, acute stress disorder, and anxiety [23]; and poor
quality of life of the patients or their family or both
[16,24]. Experts in critical care medicine coined the terms
“post-intensive care syndrome” (PICS) [25] and “post-
intensive care syndrome-family” (PICS-F) [23] to raise

Figure 1. Relationship between systemic inflammatory response
syndrome (SIRS), sepsis, severe sepsis, septic shock, and multiple
organ dysfunction syndrome (MODS).

Upper panel: relationship according to infectious etiology. Lower panel:
Venn diagram.
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attention to these frequently under-recognized chronic
and devastating conditions. The epidemiology and the
clinical impact in neonates of sepsis-related long-term
sequelae— PICS and PICS-F— are unknown. The risk of
long-term neuropsychological deficits and educational
difficulties is higher in school-aged children admitted for
septic illness and meningo-encephalitis compared with
children admitted for other ICU-related illnesses [26]; it
is unknown whether this holds true in newborns.

5. Management
Sepsis, by definition, is caused by an infection; not
surprisingly, there is a consensus that an anti-infectious
agent must be given as early as possible to all patients
with sepsis [27]. Over the past 20 years, a large number of
RCTs have attempted to control the systemic inflamma-
tory storm characterizing sepsis with little success.
Supportive care of dysfunctional organs is therefore the
mainstay of therapy, which might include mechanical
ventilation, fluids, vasopressors or inotropes (or both),
and blood transfusion.

5.1. Treatment against infectious agents
There is no clear consensus on the management of term
newborns with sepsis, and this probably explains the
large variation in the practice pattern observed among
British practitioners [12]. However, anti-microbial agents
are unequivocally the cornerstone therapy of sepsis.

Most cases of early-onset sepsis in term newborns are
caused by Group B Streptococcus, but Gram-negative
bacteria are not rare. The most common choice of anti-
biotics in 125 UK hospital guidelines was a combination
of benzylpenicillin and intravenous gentamicin [12].

Most cases of late-onset sepsis are attributable to
Staphylococcus species and Group B Streptococcus, but
about one third are caused by Gram-negative organisms
(Klebsiella spp, Escherichia coli, etc.) [28]. In a prospective
study of 113 consecutive newborns with late-onset
neonatal sepsis, Lutsar et al. [3] found more than 18
different empiric antibiotic regimens; most included
ampicillin, a third-generation cephalosporin, or mero-
penem, plus an aminoglycoside or vancomycin. Current
management of late-onset neonatal sepsis is extremely
variable. An ongoing large RCT compares meropenem
versus standard care [29].

There is a consensus that antibiotics must be started as
soon as possible once a neonatal sepsis is suspected, but
there is a debate as to when they should be stopped [30].
Intravenous antibiotics are usually prescribed for 21 days
for cases of neonatal meningitis and for 10 to 14 days in
other severe neonatal infections. There is more and more

concern that antibacterial agents are overused. There is
indeed a risk to undertreat an infection if the course of
antibiotics is too short, but keeping antibiotics for a
prolonged time is associated with the emergence and
spread of resistance to antibiotics. Some experts are also
concerned by long-term effects on microbiota implanta-
tion and possible impact on future child health [31]. In
2013, the World Health Assembly underlined the risk of
antibiotic resistance to global health security [32]. Can
we stop antibiotics sooner, at least in patients for whom
the source of sepsis is unclear or no germs have been
found (or both)? Some investigators believe that markers
like progression over time of procalcitonin levels or of
neutrophil counts might be good indicators to stop
antibiotics. A large multicenter RCT evaluating whether
procalcitonin levels could be used to guide antibiotic
therapy in adults with non-microbiologically proven
sepsis was interrupted early because of failure to demon-
strate benefit [33]. In the Procalcitonin and Survival Study
(PASS), procalcitonin-guided anti-microbial escalation
in the ICU did not improve survival and resulted in
prolonged ICU stay and more organ damage [34]. No
studies have been undertaken in neonates.

5.2. Treatment aiming to control the systemic
inflammatory process
Sepsis is a systemic response to fight off pathogens.
However, this systemic inflammatory process can become
uncontrolled, resulting inMODS and death. Thus, itmakes
sense to try to control the SIRS in patients with sepsis.

More than $1 billion has been spent to complete RCTs
aiming to find a magic bullet that would modulate the
inflammation the right way and that would improve the
outcome of patients with sepsis. High levels of cytokines
like tumor necrosis factor-alpha (TNFa), IL-1, IL-10, and
platelet-aggregating factor (PAF) are observed in patients
with sepsis; however, all RCTs using molecules active
against these cytokines (anti-IL-1, anti-IL-10, and anti-
PAF) were negative, as were RCTs on recombinant
human soluble thrombomodulin [35] and on recombi-
nant bactericidal permeability-increasing protein (BPI)
[36]. Some molecules were detrimental, like nitric oxide
synthase inhibitors [37] and recombinant tissue factor
pathway inhibitor [37]. However, one large RCT using
activated protein C in adults with sepsis— the Protein C
Worldwide Evaluation in Severe Sepsis (PROWESS)
study— was positive [38]. Thereafter, an RCT conducted
in 477 children reported no positive effects and more
severe hemorrhage, including intracranial bleeding [39].
Actually, the PROWESS study in adults was probably a
false positive: two other RCTs reported no difference at all
in the outcome of adults in septic shock [40,41]. A meta-
analysis recommends that activated protein C not be
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used to treat neonatal sepsis [42]. In any case, activated
protein C is now withdrawn from the market.

At present, there is no evidence that mediator modula-
tion therapy works. Nonetheless, is there any hope that
we can find a magic bullet? In 2013, Qiu et al. published
a meta-analysis reporting that anti-TNF (anti-TNFa-Ab
and anti-TNFa receptors) “produces a modest decrease
in the risk of mortality of patients with sepsis” (relative
risk 0.93, 95% CI 0.88 to 0.98) [43]. The conclusion was
that “a definitive trial demonstrating the potential
benefit of such agents might require at least 10,000
patients with sepsis” [43]. Would it make sense to
undertake such a large-scale RCT for such a small effect
size? Maybe not. Actually, there is a lot of redundancy
and interactions between all pro- and anti-inflammatory
mediators; it is hard to believe that modulating only one
of them will cure patients with sepsis. Many experts in
critical care medicine believe that there will not be any
“magic bullet” and that a more general approach against
the SIRS would be better. Many non-specific treatments
of sepsis have been advocated.

The immune system of patients with severe SIRS is
overwhelmed. Recent studies demonstrated that an
impairment of patients’ immune system called immuno-
paralysis could be the main contributor to the late
mortality of patients with sepsis. Reduced expression of
human leukocyte antigen (HLA)-DR on monocytes
(mHLA-DR), lymphocyte apoptosis, and attenuated
TNFa production are some of the underlying evoked
mechanisms. In theory, it would thus make sense to
attempt to enhance the capacity of the immune system in
cases of neonatal sepsis. We should discuss at least three
treatments: colony-stimulating factors (CSFs), immune
globulins (IgGs), and optimal nutrition. (a) CSFs can
increase neutrophil and macrophage counts. In theory,
they should be useful in patients with neutropenia. In
practice, a meta-analysis reported that the different types
of CSFs do not seem to work in neonatal sepsis [44].
Granulocyte-CSF (G-CSF) and granulocyte-macrophage
CSF (GM-CSF) cannot be recommended in neonatal
sepsis. (b) IgGs are effective in adults with sepsis [45] but
not in low-birth weight newborns (<1,500 g) [46] or
in newborns with gestational ages of 31 to 42 weeks [47].
(c) Ameta-analysis on the efficacy of immuno-modulating
diets reported that they had no effect onmortality or length
of stay of critically ill patients [48]. On the other hand,
there were data suggesting that standard nutrition with
added nutriments might be useful in critically ill adults
[49]. An RCT published in 2013 reported that early
provision of glutamine did not improve clinical outcomes;
glutamine supplementation was even associated with an
increased mortality in critically ill adults with MODS [50].

The optimal nutrition strategy and the best feeding route
(enteral or parenteral or both) remain to be determined in
patients with sepsis, including neonates.

Non-specific “cleaning” of inflammatory mediators to
remove “bad humors” by extracorporeal blood purifica-
tion techniques is another avenue. A meta-analysis of
RCTs reported that, overall, blood purification techni-
ques — hemofiltration, hemoperfusion, plasma
exchange (i.e., plasmapheresis), or hemodialysis —

decrease the mortality rate of patients with sepsis: risk
ratio (RR) 0.69, 95% CI 0.56 to 0.84. The most positive
effect was attributable to 10 RCTs on polymyxin B
hemoperfusion (RR 0.63, 95% CI 0.50 to 0.80) and two
RCTs on plasma exchange (RR 0.63, 95% CI 0.42 to
0.96) [51]. The efficacy of blood purification techniques
must be estimated by a large RCT before they can be
strongly recommended [52]. This holds true also in
neonatal sepsis: the cost/benefit ratio should be different
in neonates and infants since the risk of mortality is
much lower in this population than in adults, while the
technical risks should be at least similar to, if not higher
than, those in adults (for example, more difficult
intravenous access) [53].

Increased mortality is associated with both high and low
cortisol levels. In the ’80s, a large RCT proved that high-
dose steroids (up to 30 mg/kg per day of methyl-
prednisolone) increase mortality in cases of severe sepsis
and septic shock [54]. However, some intensivists still
believed that normal-dose steroids can be useful. In
2002, an RCT reported that a 7-day treatment with low-
dose hydrocortisone (50 mg every 6 hours) and
fludrocortisone (50 mg once daily) decreased 28th-day
mortality in adults with septic shock and relative adrenal
insufficiency [55]. In 2008, the Corticosteroid Therapy of
Septic Shock (CORTICUS) RCT reported negative results
[56]. Although it is clear that high-dose corticosteroid
treatment provides no benefit and possibly harm in
patients with sepsis, the role of corticosteroid treatment
in patients with severe sepsis and septic shock remains
controversial, and results from recent trials are contra-
dictory [57]. At present, other large RCTs are being
conducted that should bring about clear responses on
the question in adults —for example, the Adjunctive
Corticosteroid Treatment in Critically Ill Patients with
Septic Shock (ADRENAL) study [58] — and children
(NCT00732277), but none of these RCTs was conducted
specifically in neonates.

5.3. Supportive care
The last update of the “Surviving Sepsis Campaign
Guidelines for Management of Severe Sepsis and Septic
Shock”was published in 2012 [59]. Key recommendations
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included broad-spectrum empiric anti-microbial therapy
within 1 hour of the recognition of sepsis, infection source
control, septic work-up (at least urine, blood, cerebrospinal
fluid cultures, and lung x-rays), and hemoglobin target of
7 to 9 g/dL in stable patients.

In cases of severe sepsis and septic shock, recommendations
also included early initial resuscitation (<6 hours after first
medical recognition of severe sepsis) with crystalloids (at
least 30 mL/kg within 3 hours), ± vaso-active or inotropic
agents or both (first-line norepinephrine, ± epinephrine,
± dobutamine if signs of cardiac dysfunction). The goal in
adults is to maintain a mean arterial pressure of at least
65 mm Hg; in neonatal and pediatric sepsis, physical
examination therapeutic endpoints such as capillary refill of
not more than 2 seconds, normal peripheral pulses, urine
output of more than 1 mL/kg per hour, or normal mental
status might be more reliable endpoints than blood
pressure to assess the adequacy of resuscitation. Albumin
can be given in cases of refractory shock. Hydrocortisone
is also an option in childrenwith fluid- and catecholamine-
resistant shock and with suspected or proven adrenal
insufficiency, even though its efficacy remains to be
determined (see above). Vasopressin and blood glucose
control were also suggested, but two RCTs conducted in
children failed to demonstrate any clinical benefit from the
use of vasopressin [60] and tight glycemic control (72 to
126mg/dLor 4.0 to 7.0mmol/L versus less than216mg/dL
or less than 12.0 mmol/L) [61]. Once shock is resolved,
continuous veno-venous hemofiltration or intermittent
hemodialysis can be considered in patients with refractory
fluid overload (>10%). These guidelines should be
implemented as soon as neonatal sepsis is suspected [27].

Guidelines are derived fromexpert opinions, but some key
aspects of supportive care in severe sepsis have been
evaluated by RCTs, such as goal-directed therapy and
transfusion thresholds. The concept of “early-goal directed
therapy”was suggested in 2001: Rivers et al. [62] randomly
assigned 266 adults with severe sepsis or septic shock
during the first 6 hours in the emergency department
either to be monitored with central venous oxygen
saturation (ScvO2) or not. In patients allocated to ScvO2

monitoring, a bundle of treatment was advocated in order
to maintain the ScvO2 over 70%; this bundle included,
in sequential order, mechanical ventilation, fluid bolus
up to 80 mL/kg, vasoactive drugs (dobutamine and
vasoconstrictive therapy), and red blood cell (RBC)
transfusion if the ScvO2 was still under 70% after all of
the other maneuvers were done. The mortality rates were
30.5% with early goal-directed therapy and 46.5% in
controls. The reproducibility of these datawas evaluated in
the “Protocolized Care for Early Septic Shock” (ProCESS)
study: protocol-based resuscitation—with or without

ScvO2 monitoring—of adults treated for septic shock in
the emergency department; protocol-based treatment did
not improve outcomes (mortality and need for organ
support) [63]. In children, De Oliveira et al. [64]
completed an RCT involving 102 Brazilian children with
severe sepsis or fluid refractory shock. The goal and
bundle were similar to those of the study by Rivers et al.
[61]. The mortality rates were 11.8% with early goal-
directed therapy and 39.2% in controls. As few neonates
were enrolled in the study (mean age ofmore than 5 years),
generalizability to neonatal sepsis would need to be
confirmed.

Improving oxygen delivery is one of the central goals of
supportive care; this can be done by increasing the
hemoglobin level. However, RBC transfusions are not
perfectly safe [65]. What is the optimal RBC transfusion
threshold of patients with sepsis? If less evidence for the
ideal transfusion threshold in unstable patients is available,
Transfusion Requirements in Pediatric Intensive Care Units
(TRIPICU) explored that question in stable or stabilized
children (mean arterial pressure of not less than 2 SDs
below the mean for age and cardiovascular support —

pressors/inotropes and fluids — not increased for at least
2 hours) [66]. The incidence rate of new and progressive
MODS, including deaths, in a subgroup analysis of 137
patients with sepsis, severe sepsis, and septic shock was
unchanged (13 in both arms), which suggests that a
restrictive RBC transfusion strategy (hemoglobin threshold
of 7 g/dL) may be safe in stable or stabilized children and
neonates with sepsis, even if they are in septic shock [67].
Transfusion requirements in unstable neonates and infants
with sepsis are unknown.

Conclusions
Early anti-microbial administration and supportive care
are the mainstays of treatment of neonatal sepsis. More
reliable diagnostic criteria are required: rapid identifica-
tion of high versus low infectious risk newborns might
be useful in order to expose to antibiotics only infected
newborns and to stop antibiotics as soon as possible.

The treatment of neonatal sepsis is inconsistent. Many
controversies in its management remain: even the dura-
tion of antibiotic therapy is a matter of debate. There is an
urgent need for well-done RCTs and for the development
of evidence-based guidelines for the management of
neonates with sepsis.
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Bacillus cereus Bacteremia and Meningitis
in Immunocompromised Children
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Bassem I. Razzouk,2,5 Stephen J. Thompson,4,5 and Jerry L. Shenep1,5
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Hospital, and 5Department of Pediatrics, University of Tennessee, Memphis

Two cases of Bacillus cereus meningitis in immunocompromised children at our hospital within a 2-month

period prompted us to review B. cereus–related invasive disease. We identified 12 patients with B. cereus

isolated in blood cultures from September 1988 through August 2000 at our institution. Three of these patients

also had B. cereus isolated from CSF specimens; 1 additional patient had possible CNS involvement (33%,

group A), whereas 8 patients had no evidence of CNS involvement (67%, group B). Patients in group A were

more likely to have neutropenia at the onset of sepsis and were more likely to have an unfavorable outcome.

They were also more likely to have received intrathecal chemotherapy in the week before the onset of their

illness. Two patients from group A died. One survived with severe sequelae. The fourth patient had mild

sequelae at follow-up. No sequelae or deaths occurred among patients in group B. In patients with unfavorable

outcomes, the interval from the time of recognition of illness to irreversible damage or death was short, which

demonstrates a need for increased awareness, early diagnosis, and more-effective therapy, particularly that

which addresses B. cereus toxins.

Bacillus cereus is a ubiquitous, gram-positive, motile,

spore-forming rod. Historically, Bacillus species, ex-

cluding Bacillus anthracis, often have been regarded as

contaminants when isolated from clinical specimens.

Since the taxonomy of Bacillus species was refined in

the 1950s, there have been numerous reports docu-

menting B. cereus as the cause of local infections of

wounds, gastrointestinal infection, panophthalmitis,

pneumonia, meningitis, bacteremia, and septicemia.

Many of the nongastrointestinal infections have been

reported in high-risk groups, such as immunosup-
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pressed patients, injection drug users, neonates, and

patients with intraventricular shunts [1–13].

During the summer of 1999, meningitis due to B.

cereus occurred in 2 patients with leukemia at St. Jude

Children’s Research Hospital, Memphis. A review of the

literature revealed only 6 previously reported cases of B.

cereus involving the CNS in patients with leukemia [5–8,

10–12]. Of these, only one patient survived [8]. Against

this backdrop of relatively rare but consequential epi-

sodes of B. cereus infection in immunosuppressed pa-

tients and with little information regarding infection in

children, we did a retrospective review of the clinical and

epidemiological features of B. cereus infection in the im-

munocompromised patients at our hospital.

MATERIALS AND METHODS

Microbiology records from September 1988 through

August 2000 were reviewed, and all patients with iso-

lation of B. cereus from a normally sterile body site

were identified. Charts of identified patients in the

study period then were reviewed for clinical and
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Figure 1. Incidence of Bacillus cereus sepsis (per 1000 patient admissions) at St. Jude Children’s Research Hospital, Memphis, September
1988–August 2000. Admissions per year ranged from 1854 to 2205.

epidemiological information, including demographic charac-

teristics, details of the B. cereus isolates, and type and disposition

of the central venous catheter. We also noted the clinical signs

and symptoms at the time of presentation, treatment methods,

and outcome. In addition, antibiotic use, steroid use, proce-

dures (including lumbar puncture), and dietary history (recent

consumption of rice and use of enteral nutrition) during the

month before the episode were recorded. Quantitative blood

cultures were done on clinical blood samples by use of ISO-

LATOR 1.5 Microbial Tubes (Wampole).

Catheter-related infection was defined as culture-proven bac-

teremia in which the colony count from the blood culture ob-

tained via the catheter was �5 times the colony count of the

peripheral blood culture, with both samples being drawn within

30 min and not separated by intervening antimicrobial admin-

istration [14]. Those episodes—which either lacked paired spec-

imens from the catheter and a peripheral venipuncture or in

which a dose of antibiotic was administered between the time

the 2 cultures were drawn—were labeled as indeterminate.

Identification of B. cereus was made on the basis of Gram

stain, colony morphology, and hemolysis on blood agar and

analysis with the BBL CRYSTAL gram-positive identification

panel (Becton Dickinson). Before December 1997, isolates were

identified by use of the Minitek procedure (Becton Dickinson)

and biochemical characteristics [15].

Selected isolates were ribotyped by use of the RiboPrinter

Microbial Characterization System (Qualicon) [16]. These in-

cluded paired blood and CSF isolates from both patients with

documented meningitis.

Statistical tests included Fisher’s exact test and the Cochran

Mantel-Haenszel test. Analyses were done by use of SAS soft-

ware (SAS Institute).

RESULTS

Twelve patients with B. cereus isolated in blood cultures were

identified during September 1988–August 2000 (figure 1). Two

of the patients (patients 4 and 6) were previously reported from

our institute by other investigators who were studying the in-

travascular hemolysis associated with B. cereus septicemia [17].

The median age of the patients was 11.5 years (range,

4–24 years). Seven patients were male. Eight patients were white

and 4 were black. Other details of the patients are shown in

table 1.

After reviewing clinical information, the patients were strat-

ified into 2 distinct groups: group A was composed of patients

who had documented or suspected CNS involvement, and

group B was composed of patients who showed no evidence

of CNS infection.

All patients in group A had leukemia; 3 of the 4 were un-

dergoing therapy for relapse. Only 1 of 8 patients in group B

had leukemia. Details of group A patients are shown in table

2. Two patients (patients 10 and 12) had antemortem cultures

of CSF samples that yielded B. cereus. The Gram stain of their

centrifuged CSF samples showed numerous gram-positive rods

that exhibited the phenomena of filamentation, particularly in

patient 10 (figure 2). It is of note that, in this patient, the CSF

vancomycin level was 2.2 mg/mL (CSF obtained 9 h after the

last dose of vancomycin, which was dosed at 15 mg/kg per

dose every 8 h). Serum creatinine at that time was 0.7 mg/dL,
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Table 1. Demographics and clinical features of patients with Bacillus cereus infection.

Patienta Year
Age,

y Sex, race Diagnosis
Central venous

catheter
Blood culture

coisolates
B. cereus from

other sites
Abdominal
symptoms

1 1993 24 M, white Adenocarcinoma
of the colon

Removed None Port tip None

2 1993 16 F, black Nasopharyngeal
carcinoma

Retained None None None

3 1994 4 M, white ALL Removed on
second
admission

Acinetobacter
calcoaceticus

SLHL tip Present

4b 1997 20 F, white ALL (relapse) Retained None CSF, spleen,
lung, liver

Present

5 1998 17 M, black NHL Removed None None None

6 1998 10 F, black ALL (relapse) Removed None Stool Present

7 1998 7 M, white MDS Removed None None None

8 1998 5 M, white Yolk sac tumor Removed None None Present

9 1999 8 M, white Wiskott-Aldrich
syndrome

Removed Acinetobacter bau-
manii, Corynebacte-
rium aquaticum

None Present

10 1999 13 F, white ALL Removed Staphylococcus aureus CSF, stool Present

11 1999 10 M, black Histiocytosis Removed A. baumanii, S. aureus None Present

12 1999 15 F, white ALL (relapse) Retained Enterobacter cloacae CSF, stool Present

NOTE. ALL, acute lymphocytic leukemia; NHL, non-Hodgkin’s lymphoma; MDS, myelodysplastic syndrome; SLHL, single lumen Hickman line.
a Patients 4 and 6 were reported elsewhere [17] because of hemolysis associated with B. cereus septicemia.
b Identified as B. cereus by use of conventional microbiologic techniques but as B. thuringiensis by use of ribotype analysis.

and the peak serum vancomycin level after the sixth dose (dose

delayed by 4 h) was 19.8 mg/mL. The dose then was increased

to 15 mg/kg per dose every 6 h. One patient (patient 4) had

antemortem B. cereus bacteremia and intravascular hemolysis,

along with a postmortem CSF sample that yielded B. cereus

(autopsy done 25 h after death). Sections of the right basal

ganglia showed infarction, necrosis, and numerous gram-posi-

tive rods. No inflammatory response was seen. The fourth pa-

tient (patient 6) in group A had B. cereus bacteremia, along

with a rapid deterioration of sensorium associated with seizures,

evidence of raised intracranial pressure, and multiorgan failure.

The finding of multiple cerebral hypodense lesions in close

proximity to the subarachnoid space in the clinical context of

B. cereus septicemia was suggestive of septic emboli, but this

finding also could have been due to sterile emboli or hypo-

perfusion injury. Lumbar puncture was not done initially be-

cause of the unstable condition of the patient; however, a CSF

examination done 2 weeks later yielded abnormal findings, with

increased protein seen. Gastrointestinal symptoms, including

nausea, vomiting, diarrhea, and abdominal pain, were present

in all 4 patients in group A. Four patients in group B also had

gastrointestinal symptoms.

Two patients (patients 4 and 12) from group A died. One

survived with severe sequelae (patient 10). The fourth patient

had mild sequelae at follow-up. No sequelae or deaths occurred

among patients in group B. Other clinical findings from the 2

groups are compared in table 3. Patients in group A were more

likely to have received corticosteroids or cephalosporins within

the previous 30 days, to have been hospitalized in the preceding

week, to have neutropenia, and to have received induction

therapy than were patients in group B. All patients in group A

had a lumbar puncture with intrathecal instillation of the che-

motherapy (methotrexate, hydrocortisone, and cytarabine)

during the week before the event. In contrast, no patient in

group B had undergone a lumbar puncture within 4 weeks

before onset of B. cereus infection. All 12 patients had a central

venous catheter inserted. Nine of them had the catheter re-

moved as part of disease management. Six of the removed

catheters were sent for culture, 3 of which tested positive for

B. cereus. Five patients had other organisms as coisolates from

initial blood cultures. Only 1 patient’s infection (patient 11)

met our definition of catheter-related infection. The remainder

of the patients were unassessable because quantitative central

line and peripheral blood cultures were not collected or because

a dose of antibiotic was administered between the drawing of

the 2 cultures, obscuring the role of the catheter as a focus of

infection [14].

Ribotyping of paired blood and CSF isolates for the most

recent patients (patients 10 and 12) showed concordance be-

tween isolates of the same patient. Of the 8 isolates from 6

patients, 5 distinct ribotype patterns were identified, which in-

dicates that the corresponding infections were not caused by

closely related strains. Two patients (patients 6 and 12), who

presented 16 months apart with no apparent epidemiological
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Table 2. Clinical, radiologic, and laboratory characteristics of patients with proven or probable CNS infection (group A).

Finding

Year, patient

4 6 10 12

Year of admission 1997 1998 1999 1999

Altered sensorium Yes Yes Yes Yes

Seizures No Yes Yes No

CSF findingsa

WBC count, cells /mm3 ND 9 64 15

RBC count, cells /mm3 ND 2 0b 1790c

Protein, mg/dL ND 103 112 77

Glucose, mg/dL ND 48 235 1225

Culture B. cereus, Candida al-
bicans, Enterococcus
(postmortem)d

ND B. cereus B. cereus

Radiographic findings (CT) ND Multiple cortical/sub-
cortical low density
lesions, which on
MRI scan appeared
to be superficial and
contiguous to the
subarachnoid space,
with right frontal wa-
tershed infarct and
cerebral edema

Diffuse cerebral
edema and acute
hydrocephalus

Multiple anterior and
posterior arterial terri-
tory infarctions with
hemorrhage in the
right posterior tempo-
ral occipital area and
hydrocephalus

Pathology Right basal ganglia in-
farct with numerous
gram-positive rods
and no inflammatory
changes

ND Left occipital cortex
(needle biopsy):
hyphal-like elements
interpreted as aggre-
gates of bacilli

ND

NOTE. ND, not done.
a CSF specimens were obtained at the onset of CNS symptoms for all patients, with the exception of patient 6, for whom specimens were obtained

2 weeks after the onset of symptoms.
b Xanthochromic.
c Bloody.
d Identified as B. cereus by conventional microbiologic techniques but as B. thuringiensis by ribotype analysis.

links, had isolates with similar ribotypes. Additional analysis

associated with the ribotyping study indicated that one isolate

(that of patient 4) was Bacillus thuringiensis, rather than B.

cereus, as indicated by means of routine microbiological meth-

ods. We retained this patient in our series because the patient

met the inclusion criteria on the basis of routine microbiolog-

ical tests.

DISCUSSION

There have been several case reports of B. cereus infections

in immunocompromised hosts, mainly in adults [5–13, 18–21].

These reports included only a few patients with CNS involve-

ment, most of whom died. In our series of B. cereus infections,

patients were categorized according to the presence or absence

of CNS involvement. In our cohort of 4 patients with CNS

involvement (group A), patients were more likely to have had

neutropenia, to have received induction therapy or to have been

in relapse, to have received systemic steroids, to have been

recently hospitalized, to have been recently treated with cepha-

losporins, and to have been diagnosed with leukemia (table 3).

These associated factors suggest that the patients with CNS

involvement were more immunosuppressed than were those

who did not develop CNS complications. Therefore, the poor

outcome among patients in group A may have been an indirect

consequence of the greater immunosuppression of the patients

in this group, rather than due entirely to the spread of the

organism to the CNS.

It is of interest that all 4 patients in group A underwent a

lumbar puncture with intrathecal methotrexate, hydrocorti-

sone, and cytarabine in the week before onset of infection,

compared with 0 of 8 patients in group B. This association

may simply be because patients in induction therapy are pre-

disposed to fulminant infection, including CNS spread, and

because they may incidentally receive frequent intrathecal treat-

ments. Other explanations include contamination during the

lumbar puncture procedure, secondary CNS spread induced by

lumbar puncture during bacteremia—as has been observed in
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Figure 2. Gram stain of centrifuged CSF sample obtained from patient
10; numerous gram-positive rods exhibit the phenomena of filamentation.

Table 3. Potential risk factors for development of CNS
infection in immunocompromised children with Bacillus ce-
reus bacteremia.

Risk factor

CNS
disease,
group A
(n p 4)

No CNS
disease,
group B
(n p 8) Pa

Corticosteroid use within 30
days 4 1 .01

Previous cephalosporin use
within 30 days 4 0 .002

Hospitalization within previous
7 days 4 1 .01

Receipt of induction therapy 4 0 .002

Intrathecal therapy in previous
7 days 4 0 .002

ANC !500 cells/mL at onset 4 1 .01

B. cereus in stool 3 0 .02

NOTE. ANC, absolute neutrophil count.
a The P values, which were derived from retrospective analysis with-

out correction for multiple comparisons, should be considered to be
descriptive, not inferential.

animal models, but not in immunocompromised humans [22,

23]—or chemotherapy-induced changes in the blood-brain

barrier. We do not favor the hypothesis that the organism

spread to the CSF at the time of the lumbar puncture procedure

because there were no clinical signs or symptoms suggesting

that the patients had bacteremia at that time. We do, however,

suspect that recent intrathecal chemotherapy may be related to

the development of meningitis. Intrathecal methotrexate is oc-

casionally associated with aseptic meningitis, which is indicative

of chemical arachnoiditis [24, 25]. On a similar note, intrathecal

cytarabine has been reported to cause myelopathy and occa-

sional aseptic meningitis [26, 27]. Although there are few data

on the effect of intrathecal chemotherapy on the blood-brain

barrier, we speculate that chemotherapy-induced changes in

the integrity of the blood-brain barrier may predispose the

patient to the meningeal spread of organisms when bacteremia

occurs during the interval after the lumbar puncture.

Eight of the 12 patients had gastrointestinal signs or symp-

toms at the time of presentation, which suggests that the gas-

trointestinal tract was a source of infection. Other investigators

have speculated that the presence of abdominal symptoms may

be a factor that differentiates patients with a fulminant septi-

cemic course from patients with a more benign course [11].

We did not observe this relationship in our series of patients.

However, 3 of the 4 patients in group A versus 0 of 8 in group

B had B. cereus in cultures of their stool or rectal swab samples

obtained within 72 h of presentation. It is not clear if this

colonization was the source of or the result of the bacteremia.

Another possible source of the bacteremia is the central ve-

nous catheter. Although B. cereus was cultured in 3 instances

from the patients’ catheter tips, this cannot be considered to

be definitive evidence of catheter-related infection in the setting

of bacteremia that may have come from another source. On

the basis of our rigorous definition of catheter-related infection,

there was only 1 proven case. However, the possibility of cath-

eter-related infection was not excluded for the other patients.

Regardless of this uncertainty, the catheter always was consid-

ered as a possible source of infection, and catheter removal was

routinely part of the clinical treatment of these patients.

On the basis of an epidemiological investigation and analysis

of isolates with pulsed-field gel electrophoresis, a previous study

of 3 oncology patients with B. cereus bacteremia or septicemia

who presented over a course of 10 days found no evidence of

a common source [28]. Similarly, by use of an automated ri-

botyping system for epidemiological typing of 8 clinical isolates

from 6 of the patients, we found no evidence to suggest a

common environmental source for these infections.

Previous studies have shown that variances in toxin pro-

duction between isolates of B. cereus are correlated with dif-

ferences in the clinical courses of the associated infections [29,

30]. Among the toxins produced by B. cereus is cereolysin, an

oxygen labile exotoxin that is a member of a well-characterized

family of hemolysins found in gram-positive bacteria [31].

Other toxins include enterotoxin, emetic toxin, phospholipase

C, and other hemolysins, such as sphingomyelinase. Patients 4

and 6 had intravascular hemolysis [17], and patients 10 and

12 had evidence of hemolysis in the CSF. Given the possible

role of exotoxins in the severe tissue damage that is typical of

infections with B. cereus, the rapid progression of the infection,

and the apparent inability of antibiotics alone to halt the disease

process, alternative forms of intervention warrant considera-

tion. As reported elsewhere, exchange transfusion was used in

the management of intravascular hemolysis in patient 6 [17].

Likewise, the role of CSF exchange, reported elsewhere to be

useful in the management of intrathecal drug overdose, needs
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Table 4. Reported cases of patients with leukemia and CNS involvement with Bacillus cereus.

[Reference]
Primary

diagnosis
Age,

y Chemotherapy CNS diagnosis Signs and symptoms
ANC,

cells/mL Outcome

[5] AML 63 Induction Brain abscess Fever, cough, coma 400a Death

[6] AMML 19 High-dose cytos-
tatic treatment
for therapy-resis-
tant AML

Meningitis Fever !100 Death

[7] MDS 67 Day of completion
of induction

Leptomeningitis,
SAH

Nausea, vomiting,
diarrhea

100a Death

[8] ALL 3 Induction Brain abscess Fever, mild lethargy 20 Survived, some
sequelae

[10] AML 26 Reinduction Meningoencephalitis,
SAH

Nausea, vomiting,
blurred vision

20 Death

[11, 12] AML 64 Induction Leptomeningitis,
SAH

Nausea, vomiting,
diarrhea

300a Death

Present study

Patient 4 (1997) ALL 20 Induction Right basal ganglia
infarction

Nausea, vomiting,
abdominal pain,
slurred speech,
altered sensorium

0 Death

Patient 10 (1999) ALL 13 Induction Meningoencephalitis,
hydrocephalus

Fever, abdominal
pain, loose stool

0 Survived, severe
sequelae

Patient 12 (1999) ALL 15 Induction Meningoencephalitis Headache, abdominal
pain, loose stool

0 Death

NOTE. ALL, acute lymphocytic leukemia; AML, acute myelogenous leukemia; AMML, acute myelomonocytic leukemia; ANC, absolute neutrophil count;
MDS, myelodysplastic syndrome; SAH, subarachnoid hemorrhage. Patients described in Yoshida et al. [9] and Musa et al. [13], as well as patient 6 in this series,
were strongly suspicious for CNS involvement with B. cereus but did not have confirmatory microbiologic or pathologic evidence.

a Total WBC count.

to be explored as a method of reducing CSF toxin load [32,

33]. The use of iv immunoglobulin also may be useful for these

patients; however, the presence of neutralizing antibody for

toxins produced by this organism has not been confirmed.

When comparing the patients with meningitis in this series

to those reported in the literature, certain similarities are ap-

parent (table 4). All the patients had neutropenia, were in an

intensive phase of chemotherapy, and had unfavorable out-

come, despite receiving appropriate antibiotic therapy in most

cases [5–13]. It is of note that 5 patients, including 2 of the

patients in this series, had subarachnoid hemorrhage [7, 9–11].

The one survivor before this report was a 3-year-old child with

acute lymphocytic leukemia who had neutropenia at the time

of admission, but not at the time of CNS deterioration [8].

The resolution of neutropenia may have played a key part in

localization of the infection in the form of abscesses and a

relatively favorable outcome.

In summary, we reiterate that B. cereus isolated from clinical

material from a sterile body site, especially from an immuno-

suppressed host, should not be disregarded as a contaminant.

Risk factors favoring a fulminant course and poor outcome of

B. cereus bacteremia include an underlying diagnosis of leukemia,

being in relapse or in the induction phase of chemotherapy, the

presence of neutropenia, receiving systemic corticosteroids or

third-generation cephalosporins, recent hospitalization, and un-

dergoing a recent lumbar puncture procedure with intrathecal

chemotherapy. Clinicians should be attentive to these risk factors.

We also note that ceftazidime monotherapy, which is used fre-

quently as empiric therapy for patients with neutropenia who

have unexplained fever, would be unlikely to eradicate B. cereus

bacteremia and its sequelae. Therefore, use of alternative anti-

biotic regimens, such as vancomycin plus a carbapenem in pa-

tients with associated gastrointestinal symptoms or in those with

a preliminary report of gram-positive bacilli in blood cultures,

should be considered. There continues to be a poor outcome

among immunosuppressed patients with meningitis due to B.

cereus, with a short interval between onset and irreversible injury,

which emphasizes the need to explore new methods for early

diagnosis and more-effective therapy, including measures that

address the role of toxins.
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In 1998, an outbreak of systemic infections caused by Bacillus cereus occurred in the Neonatal Intensive Care
Unit of the University Hospital Vrije Universiteit, Amsterdam, The Netherlands. Three neonates developed
sepsis with positive blood cultures. One neonate died, and the other two neonates recovered. An environmental
survey, a prospective surveillance study of neonates, and a case control study were performed, in combination
with molecular typing, in order to identify potential sources and transmission routes of infection. Genotypic
fingerprinting by amplified-fragment length polymorphism (AFLP) showed that the three infections were
caused by a single clonal type of B. cereus. The same strain was found in trachea aspirate specimens of 35 other
neonates. The case control study showed mechanical ventilation with a Sensormedics ventilation machine to be
a risk factor for colonization and/or infection (odds ratio, 9.8; 95% confidence interval, 1.1 to 88.2). Prospective
surveillance showed that colonization with B. cereus occurred exclusively in the respiratory tract of mechan-
ically ventilated neonates. The epidemic strain of B. cereus was found on the hands of nursing staff and in
balloons used for manual ventilation. Sterilization of these balloons ended the outbreak. We conclude that
B. cereus can cause outbreaks of severe opportunistic infection in neonates. Typing by AFLP proved very useful
in the identification of the outbreak and in the analysis of strains recovered from the environment to trace the
cause of the epidemic.

Members of the genus Bacillus are aerobic spore-forming
rods which are ubiquitous in nature (18). Despite their wide-
spread distribution, even as normal skin flora, Bacillus spp.
rarely cause infections. The exception is Bacillus cereus, which
is a well-known cause of food poisoning and a dreaded cause of
posttraumatic endophthalmitis (18). B. cereus can also cause
opportunistic infections, mainly in the immunocompromised
host (5, 18). Over the past 20 years, infections with this micro-
organism in neonates have been reported occasionally (7, 9,
12). B. cereus, however, is also known as a cause of pseudo-
outbreaks (6, 8, 11). Differentiation between an outbreak and
a pseudo-outbreak and determination of the source require
careful analysis of patient data and accurate typing of the
outbreak strain. Over the last several years, the isolation of
Bacillus spp. from trachea aspirates of mechanically ventilated
neonates in the Neonatal Intensive Care Unit (NICU) of our
hospital has been common but had no apparent clinical impli-
cations. Between January and August 1998, three neonates
developed serious invasive infection with B. cereus, and 35
neonates were found to be colonized with this microorganism.
We describe this outbreak, the identification of the outbreak
strain through genetic typing by amplified-fragment length
polymorphism (AFLP), the risk factors for colonization, the
vector of infection, and the measures taken to control the
outbreak.

MATERIALS AND METHODS

Microbiologic methods. B. cereus was identified as large aerobic, gram-posi-
tive, catalase-positive, spore-forming rods growing as irregular hemolytic colo-
nies on sheep blood agar. Genotypic fingerprints were obtained by AFLP. DNA
was isolated as described previously (3). Purified DNA was aliquoted and stored
at 220°C. All procedures relating to the preparation of AFLP templates were
performed essentially as described by Koeleman et al. (10). Briefly, total cellular
DNA (50 ng) was digested with the restriction enzymes EcoRI and MseI, and
restriction half-site-specific double-stranded oligonucleotide adapters were li-
gated to all restriction fragments. Restriction and ligation were carried out
simultaneously for 3 h at 37°C. Amplification of sets of restriction fragments was
performed by PCR with a primer combination with one selective base (Eco-A
and Mse-C). The Eco-A primer was Texas red fluorescently labeled (Isogen
Bioscience BV, Maarssen, The Netherlands). Amplification was performed in a
Gene Amp PCR system 9700 thermal cycler (Perkin-Elmer) for 35 cycles: de-
naturation (30 s at 94°C), annealing (30 s at 65 to 56°C), and DNA molecule
extension (1 min at 72°C). In the first 12 cycles, the annealing temperature was
lowered by 0.7°C per cycle. After denaturation (1 min at 95°C, cooling on ice),
fluorescent amplified fragments were separated by polyacrylamide gel electro-
phoresis (Rapid Gel-XL-6; Amersham Life Science, Cleveland, Ohio) according
to the manufacturer’s instructions in a Vistra 725 automated DNA sequencer
(Amersham Life Science). Gel images were further processed with the Gel
Compar 4.0 software (Applied Maths, Kortrijk, Belgium). Levels of similarity
between fingerprints were calculated with the Pearson product moment corre-
lation (r), and grouping was obtained with the unweighted pair group method
using average linkages.

Strains. Typing of the following B. cereus isolates was performed: isolates from
the three symptomatic cases as well as from 35 neonates that were asymptom-
atically colonized in the respiratory tract, isolates from balloons used for manual
ventilation and from hands of medical staff, and other environmental isolates. In
our laboratory, blood culture isolates are stored for future reference. Therefore,
we were able to include control isolates obtained in previous years from blood
cultures. These included one isolate from a neonate in January 1997 and 14
isolates from other patients.

Study of the incidence of colonization with B. cereus. The incidence of colo-
nization of newborn babies with B. cereus was determined retrospectively by
reviewing laboratory work sheets from January 1997 through January 1998.
Although not instructed to mention the growth of colonies typical for Bacillus
spp. on the laboratory work sheet, the majority of laboratory personnel did so on
a routine basis. In this period, B. cereus isolates were not stored. In February
1998, all laboratory personnel were informed about the serious infections caused
by Bacillus spp. in the neonates and instructed to report any growth of B. cereus.

* Corresponding author. Mailing address: University Hospital Vrije
Universiteit, Department of Medical Microbiology and Infection Control,
P.O. Box 7057, 1007 MB Amsterdam, The Netherlands. Phone: (31) 20
4440488. Fax: (31) 20 4440473. E-mail: VANDENBROUCKEGRAULS
@AZVU.NL.
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From that moment, the incidence of colonization was assessed prospectively, and
B. cereus isolates were typed by AFLP and stored.

Case control study of risk factors for colonization with B. cereus. To identify
risk factors for acquisition of B. cereus, a case control study was conducted in
April 1998. Because most isolates were cultured from sputum specimens, our
study focused on the respiratory tract and oral feeding. A case patient was
defined as any patient admitted to the NICU between 7 January and 7 April 1998
from whom B. cereus was isolated from any site. Cases were identified by re-
viewing laboratory records. Risk factors for cases were recorded for the period
preceding the first culture with B. cereus. Control patients, who stayed in the
NICU during the same period and were negative for B. cereus in sputum, were
selected randomly. Risk factors for control patients were recorded until the last
negative culture.

Surveillance of neonates. To establish the route of colonization, surveillance
cultures were obtained from neonates that were present in the NICU in April
and May 1998. Culture specimens were obtained two to three times per week
from four sites: (i) umbilicus, (ii) armpits, (iii) anus, and; (iv) trachea aspirate (if
the neonate was mechanically ventilated) or throat (if the neonate was not
mechanically ventilated).

Surveillance of health care workers. Hand carriage with B. cereus was deter-
mined by printing the fingers of the dominant hand on a blood agar plate. Prints
of fingers were collected from randomly selected members of the nursing staff of
the NICU. For comparison, nursing staff members of other departments in the
hospital were investigated by the same method. To determine the frequency of
carriers of B. cereus outside the hospital, prints of fingers of randomly selected
first-year medical students were obtained.

Environmental survey. In order to identify reservoirs of B. cereus in the NICU,
environmental samples were obtained with sterile swabs premoistened with ster-
ile saline. An initial survey was based on potential sources of B. cereus spores
known from the literature (1, 4, 6, 13, 17). Based on the results of the case control
study and the surveillance study, a second survey was directed at materials used
in mechanical ventilation.

Observation of procedures for cleaning and disinfection. All procedures for
mechanical and manual ventilation were critically evaluated by an infection
control practitioner, either by personal observation or by interviewing the nurs-
ing staff. Adherence to existing protocols for cleaning and disinfection of equip-
ment used in intubation and mechanical ventilation was verified.

Intervention. During the second weekend of July, all Ambu balloons and
Jackson-Reese balloons of the unit were sterilized by autoclaving (4 min at 134°C
in a validated steam autoclave). From the moment of the intervention, the use of
a balloon was restricted to one patient and the balloon was sterilized after
discharge of the patient, before use in a new patient.

Statistical analysis. Data for cases and controls were collected on standard-
ized forms and analyzed with the SPSS statistical package version 7.5 and
EXCEL version 4.0. For categorical variables, odds ratios were calculated, and
continuous variables were compared with Student’s t test. Whenever cells in a
cross table contained zero and thus an odds ratio could not be calculated, 0.5 was
added to every cell. Odds ratios with a 95% confidence interval not containing
unity and mean differences with a 95% confidence interval not containing zero
were considered statistically significant.

RESULTS

Description of neonates with infections caused by B. cereus.
Salient features of cases are summarized in Table 1.

Typing of strains. The results of genotypic fingerprinting are
shown in Fig. 1. B. cereus strains isolated from the neonates
who developed serious infection and from the 35 neonates who
were colonized in the respiratory tract and isolates found in
balloons used in manual ventilation and on the hands of some

TABLE 1. Salient features of the cluster of B. cereus infections

Feature
Datum (-a) for patient no.a:

1 2 3

Birth date 11 January 1998 11 February 1998 11 March 1998
Place of birth UHVU UHVU At home

Sex Male Female Male
Gestational age (wk/day) 28/5 26/4 37/3
Birth wt (g) 895 1,000 2,780

Reason for admission to
NICU

IRDS (ventilator with HFOV), PDA IRDS (ventilator with HFOV) Perinatal asphyxia, persistent fetal
circulation (ventilation with
HFOV and NO),
hepatosplenomegaly

Period of mechanical
ventilation (day)

0–12 0–33 0–16

Day of colonization of
respiratory tract with
B. cereus

5 5 14

Day of infection 11 12; 28 20

Clinical picture Shock, DIC, hemorrhagic
meningoencephalitis

Sepsis; arthritisb Sepsis with diarrhea

Cultures positive for
B. cereus

Blood, CSF, trachea aspirate,
necrotic skin lesion at insertion
site of arterial catheter

Blood; aspirate from left kneeb Blood, CSF, tip of peripheral
catheter

Treatment Amoxicillin and cefotaxime (1 day,
until death)

Meropenem and vancomycin
(10 days); Meropenem
(3 wk)b

Meropenem and vancomycin
(21 and 7 days, respectively)

Outcome Died on day 12 Recovered; recoveredb Recovered

a Abbreviations: UHVU, University Hospital Vrije Universiteit; IRDS, infant respiratory distress syndrome; PDA, persistent ductus arteriosus; DIC, diffuse intravasal
clotting; CSF, cerebrospinal fluid; NO, nitric oxide.

b Data for infections at day 12 and day 28, respectively.
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members of nursing staff of the NICU were closely related.
Reference strains (NCTC 11143 and 11145 and ATCC 9139),
strains isolated from other wards (N.6), and a strain isolated
from a dust sample in the NICU differed markedly from the
outbreak strain. It differed also from a strain isolated once
before on the NICU in January 1997 and from 14 other non-
related clinical isolates of B. cereus from other wards in the
hospital (1990 to 1997, data not shown).

Incidence of colonization with B. cereus. The incidence of
colonization of mechanically ventilated neonates between Jan-
uary 1997 and January 1999 is shown in Fig. 2. Eighty-two
percent of mechanically ventilated neonates became colonized
during the first 5 days of life. The presumed vector of B. cereus
was eliminated on the second weekend of July 1998; the inci-
dence of colonization declined rapidly, and since September
1998 the epidemic strain has been isolated only once from a
trachea aspirate.

Case control study. Results of the case control study are
shown in Table 2. General features and enteral feeding did not
differ significantly for cases and controls. All cases and controls
had been mechanically ventilated. Mechanical ventilation with
the Sensormedics, a machine used for high-frequency oscilla-
tory ventilation (HFOV), was the only risk factor for coloni-
zation. There were no significant differences in antibiotic treat-
ment (data not shown).

Surveillance of neonates. During the surveillance period, 6
out of 32 neonates became colonized with B. cereus in the
respiratory tract. These six neonates were all mechanically
ventilated at that moment. Trachea aspirate was the first spec-
imen from which B. cereus was isolated for every one of them.
In one neonate, 3 days after colonization of the respiratory
tract was assessed, a culture of the armpits grew B. cereus on
only one occasion. Cultures of anus and umbilicus remained
negative. The other mechanically ventilated neonates and ne-
onates who were not mechanically ventilated remained nega-
tive for B. cereus.

Surveillance of nursing staff. Results are shown in Table 3.
The percentage of carriers of B. cereus was higher, although
not statistically significant, among nursing staff of the NICU
compared to that of other wards and to students. From the
prints of fingers from the nursing staff of the NICU, both the

FIG. 1. Genotypic fingerprints. Digitized AFLP patterns and dendrogram of a selection of B. cereus isolates. The dendrogram was constructed using Gelcompar
cluster analysis by unweighted pair group method using average linkages. Percentages of similarity and molecular sizes are shown on top of the figure. The cut-off value
for identical strains is 85%. Abbreviations: I, neonate infected by B. cereus; patient number corresponds with those used in Table 1; B, balloon used in mechanical
ventilation; C, neonate asymptomatically colonized with B. cereus in the respiratory tract; N, nursing staff from NICU (N.1 to N.5) and another ward (N.6); culture of
print of dominant hand; R, reference strain; D, dust on baseboard in the NICU.

FIG. 2. Percentage of newly admitted mechanically ventilated neonates who
became colonized with B. cereus in the respiratory tract between January 1997
and January 1999. Balloons were sterilized by autoclaving starting from 14 July
1998. For January 1997 to January 1998, numbers were determined retrospec-
tively by review of laboratory work sheets. For February 1998 to January 1999,
numbers were prospectively determined. Jan, January; Jul, July.
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strain of B. cereus found in neonates and nonrelated strains
were isolated. For nursing staff of the other wards, only mis-
cellaneous strains were found.

Environmental culture survey. Results of the two culture
surveys are shown in Table 4. In the initial survey, only a
sample of dust on a baseboard was positive for B. cereus. This
strain was not related to the epidemic strain (Fig. 1). The
culture survey of materials used in mechanical ventilation iden-
tified manual ventilation balloons as the possible vector.

Observation of procedures for cleaning and disinfection.
Mechanical ventilators were cleaned and disinfected according
to standard procedures. Laryngoscopes and McGill forceps
were disinfected with 70% alcohol before use. Balloons for
manual ventilation were regularly cleaned manually with water
and soap.

Intervention. The result of the intervention is shown in Fig.
2. In July and August, after the intervention (sterilization of
balloons), five new cases of colonization with the epidemic
strain of B. cereus occurred. Cultures of prints of fingers of 15
randomly selected members of nursing staff of the NICU, per-
formed in August 1998, revealed one person who was positive
for the epidemic strain of B. cereus.

DISCUSSION

In this article, we describe an outbreak caused by B. cereus in
a NICU, confirmed by molecular genetic fingerprinting. Con-
taminated balloons, used for manual ventilation, were found to
be the vector of the microorganism, and introduction of rou-
tine sterilization of these devices ended the outbreak. Because
of the widespread distribution of B. cereus, including as skin
flora, the hospital environment can contain spores of B. cereus
(1, 4, 13, 16). Although this microorganism is known to cause
invasive infections in immunocompromised hosts, it is often
considered a contaminant when it is cultured from clinical
specimens. Caution in the interpretation of positive culture
results is also dictated by the reports on pseudo-outbreaks due
to contamination of equipment or even disinfectants (8, 11).
For maternity units and NICUs, dissemination of B. cereus has
been described previously, with and without apparent cases of
infection (2, 7, 20).

A cluster of three cases of serious systemic infection (with
positive cultures of blood, cerebrospinal fluid, and synovial
fluid) within a period of 3 months prompted our investigation.
Colonization of the respiratory tract of neonates with B. cereus
had been a common finding over the previous year. The reg-
ular isolation of B. cereus from tracheal aspirates was not
viewed as a cause for concern because infections caused by B.
cereus were not regularly seen; in previous years, infection had
been reported only once, in January 1997. We determined that
B. cereus had been isolated regularly throughout 1997 and that

TABLE 2. Risk factors for colonization and infection with B. cereus
among patients in the NICU

Risk factor

Value for group: Odds ratio
(95% CI)a

or P value
Cases

(n 5 22)
Controls
(n 5 22)

General features
Mean duration of study

(days)
7.1 8.3 NS

Mean birth wt (g) 2,018 2,245 NS
Mean gestational age

(wk/day)
32/6 34/5 NS

Median Apgar score at
5 min

8 8 NS

Way of delivery
Vaginal 13 14 NS
Cesarean section 9 8

Place of birth
UHVUb 12 9 NS
Other hospital 7 11
At home 3 2

Enteral feeding
Feeding

Breast milk 8 13 0.40 (0.12–1.33)
Nenatal 6 9 0.54 (0.15–1.92)
Nutrilon Premium 3 9 0.23 (0.05–1.01)

Additives
Corn oil 0 1 0.32 (0.01–8.25)c

Dextrose 0 0
Fantomalt 1 1 1.00
Fortifier 4 6 0.59 (0.14–2.48)

Mechanical ventilation
Method

With endotracheal
intubation

21 22 0.32 (0.01–8.25)

Without endotracheal
intubation

4 10 0.27 (0.07–1.05)

Ventilation machine
Babylog 19 22 0.12 (00.1–2.55)
Sensormedics 7 1 9.80 (1.09–88.2)
Infant Flow 4 1 4.67 (0.48–45.6)

Atomization with
ventilation

Nitric oxide 2 1 2.10 (0.18–25.0)
Ipratropium 1 0 3.14 (0.12–81.4)c

Salbutamol 0 0
Surfactant 0 1 0.32 (0.01–8.25)c

Humidifiers
Fischer Paikel 19 22 0.12 (0.01–2.55)
Aquamod 4 0 11.0 (0.55–216)c

a Relative risk and 95% confidence interval (CI). NS, not significant.
b UHVU, University Hospital Vrije Universiteit.
c Estimation of the odds ratio (see Materials and Methods).

TABLE 3. Colonization of fingers with Bacillus species (March 1998)

Ward or group No. of fingerprints No. (%) positive for Bacillus spp. OR (95% CI)a

NICU 30 11b (37) 3.29 (0.92–10.0) (NICU)
Surgical intensive care unit 12 1 (8)
Traumatology ward 13 1 (8)
Surgical gastroenterology ward 9 0 (0) 1.14 (0.33–3.98) (other wards)
Surgical oncology ward 4 1 (25)
Plastic surgery and urology ward 11 2 (18)
Students 66 6 (9) Reference group

a OR, odds ratio; CI, confidence interval.
b Five of eleven were positive for the epidemic strain.
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approximately one-third of newly admitted neonates became
colonized during their stay.

The clonal nature of the strains that caused the cluster of
invasive infections in 1998 and of the strains found in colonized
infants was confirmed by AFLP. This recently developed tech-
nique has a high degree of reproducibility and excellent dis-
criminatory power (15). The routine protocol used in our lab-
oratory for various bacterial species (digestion with EcoRI and
MseI and PCR with a primer combination with one selective
base, Eco-A and Mse-C [10]) proved easily applicable and
useful for typing of B. cereus.

We can only speculate about the cause of this outbreak and
the serious infections caused by this microorganism. It may
have been due to the introduction of a more virulent strain of
B. cereus in the unit. Little is known, however, about virulence
factors for B. cereus. We observed that the epidemic strain
produced hemolysin on blood agar, a factor which is associated
with virulence in other bacterial species. Hemolysin produc-
tion, however, is a common feature of B. cereus, and thus it
cannot explain the virulence of the epidemic strain. Most of the
neonates admitted to our NICU are preterm babies and there-
fore immunocompromised, but no clear changes in the general
characteristics of the patients admitted to the NICU occurred
over the previous year.

A case control study for colonization with B. cereus identi-
fied some interesting facts. Firstly, well-known risk factors for
nosocomial pathogens in neonates, such as lower birth weight,
lower gestational age, and longer duration of hospitalization,
did not appear associated with colonization. Secondly, the Sen-
sormedics machine, which is used for intensive mechanical
ventilation (e.g., HFOV), was identified as a significant risk
factor for colonization. A prospective surveillance of newly
admitted neonates also pointed to mechanical ventilation as a
risk factor for colonization. Therefore, culture specimens were
obtained from most materials used in mechanical ventilation.
The probable cause of colonization of neonates with B. cereus
was identified when the interior of the outlet of several bal-
loons used in manual ventilation proved to be culture positive.
AFLP typing showed that the strains isolated from these bal-

loons were identical to those found in both colonized and
infected babies.

After intubation, neonates are manually ventilated before
being connected to the mechanical ventilator, during transport,
or during cleaning of the ventilator. Most neonates became
colonized within the first 5 days of life, and so it is possible that
B. cereus was blown into the respiratory tract during manual
ventilation before connecting the neonate to the ventilation
machine. All three neonates who developed systemic infection
were mechanically ventilated with the Sensormedics machine.
Abrasions of the trachea caused by the oscillating tube during
HFOV with this machine may have served as a porte d’entrée.
Indeed, sanguinary trachea aspirates are common with this
type of mechanical ventilation.

The exterior of the balloons was regularly cleaned with de-
tergent. This method is insufficient to kill spores of B. cereus;
spores can survive even in 70% alcohol (8, 14). The interior of
the balloons was not reached, and so the spores were also not
removed mechanically. After the sterilization of the balloons
by autoclaving in July, still five new cases of colonization oc-
curred. This was probably due to person-to-person transmis-
sion through the hands of health care workers. In September,
all trachea aspirates were free of B. cereus.

In summary, we provide evidence for a true outbreak of
invasive infections caused by B. cereus in a NICU. We conclude
that colonization of neonates with this microorganism should
be prevented.
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M A J O R A R T I C L E

A Systematic Review: Can One Prescribe
Carbapenems to Patients With IgE-Mediated
Allergy to Penicillins or Cephalosporins?

Brittany Kula, Gordana Djordjevic, and Joan L. Robinson

Department of Pediatrics, University of Alberta and Stollery Children’s Hospital, Edmonton, Canada

Background. Cross-reactivity between penicillins or cephalosporins and carbapenems is anticipated as all have a
beta lactam ring. However, the true incidence of immunoglobulin (Ig)E-mediated cross-reactivity is not known.

Methods. A systematic review was conducted to collect and combine all published data on children and adults
reported to have a clinical history of IgE-mediated hypersensitivity to a penicillin and/or cephalosporin who were
subsequently given a carbapenem. Reactions were classified as proven, suspected, or possible IgE-mediated and non–
IgE-mediated.

Results. Ten studies and 12 case reports describing 854 participants fit the study criteria. For patients with pre-
vious proven, suspected, or possible IgE-mediated penicillin reactions (N = 838), the incidence of any type of sus-
pected hypersensitivity reaction to a carbapenem was 36/838 (4.3%; 95% confidence interval [CI], 3.1%–5.9%) and
the incidence of proven (1/838), suspected (0/838), or possible (19/838) IgE-mediated reactions was 20/838 (2.4%;
95% CI, 1.6%–3.7%). Of the subset of patients with positive penicillin skin tests (n = 295), only 1 had a hypersen-
sitivity reaction (0.3%; 95% CI, .06%–1.9%), and this was a possible IgE-mediated reaction. For patients with
previous proven, suspected, or possible IgE-mediated cephalosporin reactions (N = 12), the incidence of any type
of hypersensitivity reaction to a carbapenem was 3/12 (25%); this included 2 non–IgE-mediated reactions and 1 pos-
sible IgE-mediated reaction.

Conclusions. The cross-reactivity between penicillins and carbapenems for IgE-mediated reactions is very low,
but caution is still advised. Cross-reactivity rates may be higher between cephalosporins and carbapenems; however,
minimal data are available.

Keywords. drug allergy; cross-reactivity; carbapenem; penicillin; cephalosporin.

Penicillins or cephalosporins can cause any of the
4 types of Gell and Coombs immunologic hypersensi-
tivity reactions, although immunoglobulin (Ig)E-medi-
ated reactions (type I) and delayed cutaneous reactions
(mostly type IV) are most commonly encountered. IgE-
mediated reactions are of particular concern as they can
be life threatening. This type of reaction presents with
various combinations of pruritus, flushing, urticaria,
angioedema, wheezing, laryngeal edema, abdominal

distress with emesis or diarrhea, and hypotension. Re-
currence risk with reexposure to the same drug is not
known but is thought to be substantial; subsequent re-
actions are often more severe than was the initial
reaction.

Patients with IgE-mediated allergy to penicillins or
cephalosporins may react to the beta lactam ring struc-
ture that is common to all penicillins, cephalosporins,
monobactams, and carbapenems or to the R-group
side chains that distinguish different penicillins or ceph-
alosporins from one another. In the United States, most
penicillin-allergic patients are thought to be sensitive to
the beta lactam core, and so one would anticipate cross-
reactivity with other beta lactams. In contrast, where
amoxicillin constitutes 90% of antibiotic use in certain
southern European countries, up to one-third of pa-
tients appear to react to the R-group side chain [1].
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The rate of cross-reactivity of penicillins with cephalosporins
was originally reported to be about 10%. However, the true
rate with newer cephalosporins appears to be much lower; an
incidence of approximately 1% was recently reported in a liter-
ature review [2]. Some have suggested that the incidence of
cross-reactivity between penicillins and carbapenems may be
even lower [3]. Very little has been published on the cross-reac-
tivity rate between cephalosporins and carbapenems. Not unex-
pectedly, a recent study has demonstrated that many allergists,
internists, pediatricians, and family physicians are unclear as to
whether patients with penicillin allergy can be prescribed ceph-
alosporins or carbapenems [3].

Our primary objective in this systematic review was to deter-
mine if carbapenems can be safely prescribed for patients who
have had presumed IgE-mediated reactions to penicillins or
cephalosporins. Because patients with IgE-mediated reactions
to 1 antibiotic are more likely than controls to have allergies
to any other antibiotic, one would anticipate some cross-reactiv-
ity. Our hypothesis was that although there would be some
cross-reactivity, the rate of life-threatening events upon chal-
lenge with a carbapenem would be <1%.

METHODS

The systematic review protocol was based on the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement [4].

Inclusion Criteria
Any article that described the outcome when 1 or more patients
of any age with a history of symptoms compatible with IgE-me-
diated allergy to any penicillin or cephalosporin subsequently
receiving a minimum of 1 dose of any carbapenem was included
in the study. No language or publication date restrictions were
imposed, and all study designs were included.

Exclusion Criteria
Reports of patients who had only a positive skin test to a pen-
icillin or cephalosporin but presumably were never given a pen-
icillin or cephalosporin were excluded, as the positive predictive
value of penicillin skin tests for IgE-mediated reactions is low
[5]. Carbapenem skin testing alone was not considered to be
administration of a carbapenem. Articles that did not specify
the class of beta lactam that resulted in the original suspected
IgE-mediated reaction were excluded.

Definitions
A reaction was considered to be proven IgE mediated if the pa-
tient had a serious allergic reaction (defined as those that result-
ed in hypotension, wheezing, angioedema, laryngeal edema,
hospitalization, or death) with onset of symptoms within

4 hours of drug administration. A reaction was considered to
be a suspected IgE-mediated reaction if the patient developed
pruritus, flushing, an urticarial rash, or edema within 4 hours
of drug administration and the author attributed the symptoms
to the drug. A possible IgE-mediated reaction was considered
when symptoms were not well described or when symptoms
of a serious allergic reaction were documented to start more
than 4 hours after drug administration yet the author consid-
ered them to be IgE mediated. For example, patient-reported re-
actions with few details provided were considered to be possible
IgE-mediated reactions. However, maculopapular rashes or
gastrointestinal reactions alone were considered to be non–
IgE-mediated, even if the authors considered them to be IgE
mediated. Results of skin tests for penicillins, cephalosporins,
or carbapenems were recorded when provided. However, as
mentioned previously, positive skin tests alone were not consid-
ered to be proof of IgE-mediated reactions.

Search Strategy
The search was performed inMay 2013 and includedOvidMED-
LINE (1946–present), PubMed (inception–present), Embase
(1974–present), Scopus (inception–present), and the Cochrane
Library (inception–present). The following terms were searched
and combined with variations of “hypersensitivity” and “cross
reactions” and finally with “penicillin” and “cephalosporin”:
“carbapenem,” “thienamycin,” “imipenem,” “meropenem,” “erta-
penem,” “doripenem,” “eripenem,” “primaxin,” “doribax,” “in-
vanz,” “panipenem,” “biapenem,” “merrem,” “meronem,” and
“faropenem” (Supplementary Appendix 1). The references within
articles that met the inclusion criteria were hand searched for
additional articles. Hand searches were also performed for articles
that cited those that met the inclusion criteria. Also, 2 authors
were personally contacted to obtain clarification regarding their
studies.

Process of Study Selection and Data Collection
Two investigators (G. D. and B. K.) independently reviewed the
titles and abstracts from the search and obtained the required
data from studies that met the inclusion criteria. The 2 investi-
gators then reached consensus on which articles met the inclu-
sion criteria and confirmed the data. Any inability to reach a
consensus was reconciled by discussion with the third investiga-
tor (J. L. R.).

Data Collection
Data extracted from each article that met the inclusion criteria
included the following: evidence of allergy to a penicillin and/
or a cephalosporin, with subsequent classification as proven, sus-
pected, or possible IgE-mediated reaction using the definitions
above; results of penicillin or cephalosporin skin testing if per-
formed; the country where the study took place; the age of the
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patient(s); the number of patients who met the inclusion criteria;
the type of carbapenem administered; the number of patients
with any kind of hypersensitivity reaction attributed to carbape-
nems; and classification of IgE-mediated reactions to carbape-
nems as proven, suspected, or possible using the definitions
above.

Data Analysis
Studies were combined where feasible to report the types of
reactions to carbapenems in patients with possible, suspected,
and proven IgE-mediated reactions to penicillins and to cepha-
losporins. If patients had a previous IgE-mediated reaction of
different severity to both a penicillin and a cephalosporin,
they were classified as having the more severe reaction. For
the subset of patients who had skin test results reported for
penicillins or cephalosporins, reactions to carbapenems were
compared for those with positive vs negative tests. Ideally, one

would determine risk factors for reactions to carbapenems (eg,
gender, age, severity of symptoms upon exposure to penicillins
or cephalosporins). However, given anticipated significant study
heterogeneity, this was not thought to be practical.

Risk of Bias Across Individual Studies
Due to safety concerns, 4 patients who would have otherwise
met the eligibility criteria for the current systematic review
were not given a carbapenem as they had a positive carbapenem
skin test. This could artificially decrease our reported cross-
reactivity incidence, and those patients were not included in
the review.

Assumptions Made
Patients were stratified according to proven, suspected, or
possible IgE-mediated reaction to penicillins, cephalosporins,
or both within each study if specific details were provided. In

Figure 1. Flow chart of methodology for studies chosen for the review. Abbreviation: Ig, immunoglobulin.
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each category, the age range of those in the entire study was
applied since the exact ages of patients in each category were
not available.

RESULTS

The search provided 798 citations. After discarding duplicates,
395 items remained, of which 91 were potentially relevant for
review in full, with the exception of 1 that could not be obtained
and 1 that was in Italian but did not appear to be relevant from
the abstract. Six prospective studies, 4 retrospective studies, and
12 case reports met the eligibility criteria for the review (Fig-
ure 1). No items based on references from the eligible articles
were added to the systematic review, nor were supplementary
items added based on review of citations of included articles.

Study Characteristics
The 6 prospective studies were published in English and all
examined the cross-reactivity between penicillins and carbape-
nems (Table 1). Three used imipenem [6–8] and 3 meropenem
[9–11]. Five of the 6 studies looked at patients with previous
IgE-mediated hypersensitivity reactions specifically, while 1
study aimed to include patients with previous cell-mediated re-
actions [6]. The latter study, however, described 9 patients who

met our study definition of IgE-mediated reactions, and these 9
patients were included. The age range was not reported for 1
study, and the author did not reply when these data were re-
quested [8].

The 4 retrospective studies were published in English and
also examined the cross-reactivity between penicillins and car-
bapenems (Table 1) [12–15].

Of the 12 case reports, 10 were published in English, 1 in
Spanish [16], and 1 in French [17]. Five of the case reports de-
scribed patients with previous reactions to penicillins [18–22], 3
to cephalosporins [17, 23, 24], and 4 to both penicillins and
cephalosporins [16, 25–27].

Participants
The total number of potential participants in the studies was
1006. Four were excluded as they were not given a carbapenem
due to a positive carbapenem skin reaction, including 1 patient
from the Romano et al imipenem study (who was also in the
meropenem study) [8, 10] and 1 patient reported in each
of the Atanasković-Marković et al studies [7, 9]. Another 148
patients were excluded as they were described in more than
1 study (81 duplicate patients arose from the 2 Atanasković-
Marković et al studies [7, 9] and 67 from the 2 Romano et al
studies [8, 10]). The remaining 854 constituted 838 patients

Table 1. Case Series of Children or Adults With Previous Immunoglobulin E-Mediated Reactions to Penicillins or Cephalosporins
Subsequently Given Carbapenems

Source Study Design

Class of Drug
Causing Previous

Reaction

Number of Patients
Meeting Inclusion

Criteria
Age Range
(Years)

Classification of Penicillin/
Cephalosporin Reaction

Carbapenem
Administered

Atanasković-
Marković et al
(2008) [9]

Prospective Penicillin 107 4–13 Proven IgE-mediated Meropenem

Atanasković-
Marković et al
(2009) [7]

Prospective Penicillin 123 4–13 Proven IgE-mediated Imipenem

Cunha et al
(2008) [11]

Prospective Penicillin 110 28–94 51 proven and 59 possible
IgE-mediated

Meropenem

Patriarca et al
(1999) [6]

Prospective Penicillin 9 17–63 4 possible, 2 suspected, and
3 proven IgE-mediated

Imipenem

Romano et al
(2006) [8]

Prospective Penicillin 110 45.56 ± 15.66 Proven IgE-mediated Imipenem

Romano et al
(2007) [10]

Prospective Penicillin 103 14–83 Proven IgE-mediated Meropenem

Lager et al
(2009) [12]

Retrospective Penicillin 94 >18 7 proven, 32 suspected, and
55 possible IgE-mediated

Imipenem,
meropenem
or ertapenem

McConnell et al
(2000) [13]

Retrospective Penicillin 63 20–74 Possible IgE-mediated Imipenem

Prescott et al
(2004) [14]

Retrospective Penicillin 100 2–86 Possible IgE-mediated Imipenem or
meropenem

Sodhi et al (2004)
[15]

Retrospective Penicillin 163 32–91 10 proven and 153 possible
IgE-mediated

Imipenem or
meropenem

Abbreviation: Ig, immunoglobulin.
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Table 2. Reactions to Carbapenems in Children and Adults With Previous Immunoglobulin E-Mediated Reactions to Penicillins

Reference
Evidence for

Allergy
Skin
Test Country

Age of
Population
(Years) N

Type of
Carbapenem

Number With
Proven IgE-
Mediated

Reactions to
Carbapenem

Number With
Suspected IgE-

Mediated
Reactions to
Carbapenem

Number With
Possible IgE-
Mediated

Reactions to
Carbapenem

Number With
Non–IgE-
Mediated

Reactions to
Carbapenem

Total Number
With Reactions
to Carbapenem

Atanasković -
Marković
et al (2009,
2008) [7, 9]

Proven IgE-
mediated

Positive Serbia 3–14 81 Imipenem and
meropenem

0 0 0 0 0

Cunha et al
(2008) [11]

Proven IgE-
mediated

NR United
States

28–94 51 Meropenem 0 0 0 0 0

Atanasković -
Marković
et al (2009)
[7]

Proven IgE-
mediated

Positive Serbia 3–14 42 Imipenem 0 0 0 0 0

Atanasković -
Marković
et al (2008)
[9]

Proven IgE-
mediated

Positive Serbia 3–14 26 Meropenem 0 0 0 0 0

Sodhi et al
(2004) [15]

Proven IgE-
mediated

NR United
States

32–91 10 Imipenem or
meropenem

0 0 0 1 1

Lager et al
(2009) [12]

Proven IgE-
mediated

NR United
States

>18 7 Imipenem,
meropenem,
or ertapenem

0 0 0 0 0

Patriarca et al
(1999) [6]

Proven IgE-
mediated

Negative Italy 23–60 3 Imipenem 0 0 0 0 0

Gorman et al
(2003) [18]

Proven IgE-
mediated

Positive Canada 40 1a Imipenem 0 0 1 0 1

Romano et al
(2007) [10]

Suspected
IgE-
mediated

Positive Italy 14–83 35 Meropenem 0 0 0 0 0

Romano et al
(2006,
2007) [8,
10]

Suspected
IgE-
mediated

Positive Italy NR 68 Imipenem and
meropenem

0 0 0 0 0

Romano et al
(2006) [8]

Suspected
IgE-
mediated

Positive Italy 44.56 ± 15.66 42 Imipenem 0 0 0 0 0

Lager et al
(2009) [12]

Suspected
IgE-
mediated

NR United
States

>18 32 Imipenem,
meropenem,
or ertapenem

0 0 1 0 1

Patriarca et al
(1999) [6]

Suspected
IgE-
mediated

Negative Italy 27 and 29 2 Imipenem 0 0 0 0 0
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Table 2 continued.

Reference
Evidence for

Allergy
Skin
Test Country

Age of
Population
(Years) N

Type of
Carbapenem

Number With
Proven IgE-
Mediated

Reactions to
Carbapenem

Number With
Suspected IgE-

Mediated
Reactions to
Carbapenem

Number With
Possible IgE-
Mediated

Reactions to
Carbapenem

Number With
Non–IgE-
Mediated

Reactions to
Carbapenem

Total Number
With Reactions
to Carbapenem

Sodhi et al
(2004) [15]

Possible
IgE-
mediated

NR United
States

32–91 153 Imipenem or
meropenem

1 0 2 11 14

Prescott Jr
et al (2004)
[14]

Possible
IgE-
mediated

NR United
States

2–86 100 Imipenem or
meropenem

0 0 8 3 11

McConnell
et al (2000)
[13]

Possible
IgE-
mediated

NR United
States

20–74 63 Imipenem 0 0 6 0 6

Cunha et al
(2008) [11]

Possible
IgE-
mediated

NR United
States

30–92 59 Meropenem 0 0 0 0 0

Lager et al
(2009) [12]

Possible
IgE-
mediated

NR United
States

>18 55 Imipenem,
meropenem
or ertapenem

0 0 1 0 0

Patriarca et al
(1999) [6]

Possible
IgE-
mediated

Negative Italy 17–63 4 Imipenem 0 0 0 0 0

Lambden et al
(2010) [19]

Possible
IgE-
mediated

NR United
Kingdom

64 1 Meropenem 0 0 0 1 1

Satta et al
(2012) [20]

Possible
IgE-
mediated

NR United
Kingdom

38 1 Ertapenem 0 0 0 0 0

Modi et al
(2011) [21]

Possible
IgE-
mediated

NR United
States

62 1 Imipenem 0 0 0 0 0

Kushawaha
et al (2009)
[22]

Possible
IgE-
mediated

NR United
States

27 1b Meropenem 0 0 0 0 0

Abbreviations: Ig, immunoglobulin; NR, not reported.
a Patient had previous reaction to carbapenem administration, but was successfully desensitized to tolerate the described course.
b Patient was initially desensitized to penicillin G, then tolerated the course of meropenem without incident, but was concurrently dosed with diphenhydramine.
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with previous penicillin reaction, 12 with previous cephalospo-
rin reaction, and 4 with previous reactions to both a penicillin
and a cephalosporin.

Cross-Reactivity Rates
For patients with previous proven, suspected, or possible IgE-
mediated penicillin reactions (N = 838), the incidence of any
type of reaction to a carbapenem was 36/838 (4.3%; 95% confi-
dence interval [CI], 3.1%–5.9%) and the incidence of proven
(1/838), suspected (0/838), or possible (19/838) IgE-mediated
reactions was 20/838 (2.4%; 95% CI, 1.6%–3.7%). Looking
only at the subset of patients with previous proven, suspected,
or possible IgE-mediated penicillin reactions who had a positive
skin test (N = 295), the incidence of any type of reaction to a
carbapenem was 1/295 (0.3%; 95% CI, .06%–1.9%), with the 1
reaction being possibly IgE mediated (Table 2). Nine patients
were documented to have a negative penicillin skin test, and
all tolerated a carbapenem.

Only 12 patients had a previous IgE-mediated cephalosporin
reaction, of which 10 were possible, 2 were suspected, and none
were proven. Three of the 12 had reactions to cephalosporins, of
which 2 were not IgE mediated and 1 was possibly IgE mediated
(Table 3). Only 4 patients had previous reactions to both peni-
cillins and cephalosporins, with 1 having a suspected IgE-medi-
ated reaction to a carbapenems (Table 4).

Overall, the incidence of any reaction to a carbapenem after a
previous history of a proven, suspected, or possible IgE-mediat-
ed reaction to a penicillin (N = 838), cephalosporin (N = 12), or
both (N = 4) was 40/854 (4.7%). For those with proven IgE-
mediated reactions to a penicillin (N = 221), cephalosporin
(N = 0), or both (N = 0), the incidence of a proven (N = 0),
suspected (N = 0), or possible (N = 1) IgE-mediated reaction
to a carbapenem was 1/221 (0.5%; Table 5).

DISCUSSION

This systematic review included 838 patients with some
evidence for an IgE-mediated reaction to penicillin who were
subsequently given a carbapenem, of which 36 (4.3%) had a sus-
pected hypersensitivity reaction. However, only 20 of these re-
actions were compatible with an IgE-mediated reaction, and
only 1 was considered to be a proven IgE-mediated reaction.
There is a paucity of data on the use of carbapenems in patients
with IgE-mediated reactions to cephalosporins (N = 12) or to
both a penicillin and a cephalosporin (N = 4). This lack
of data fits with the fact that cephalosporin hypersensitivity
may now be much rarer than reported in studies with older
cephalosporins.

A previous systematic review published by Frumin and Gal-
lagher in 2009 examined the cross-reactivity between penicillins
or monobactams and carbapenems, demonstrating no definitiveTa
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Table 4. Reactions to Carbapenems in Children and Adults With Previous Immunoglobulin E-Mediated Reactions to Both Penicillins and Cephalosporins

Reference
Evidence for Penicillin

Allergy
Evidence for

Cephalosporin Allergy Skin Test Country

Age of
Population
(Years) N Reaction to Carbapenem

Wilson et al (2003) [25] Suspected IgE-mediated Possible IgE-mediated Positive for penicillins
and cephalosporins

United States 20 1a Suspected IgE-mediated
reaction to imipenem

de Escalante Yanguela et al
(2007) [16]

Possible IgE-mediated Possible IgE-mediated NR Spain 75 1 No reaction to imipenem

Wojewoda et al (2012) [26] Possible IgE-mediated Possible IgE-mediated NR United States 23 1 No reaction to imipenem or
meropenem

Sawhney et al (1996) [27] Possible IgE-mediated Possible IgE-mediated NR United States 79 1 No reaction to imipenem

Abbreviations: Ig, immunoglobulin; NR, not reported.
a Patient was subsequently successfully desensitized to meropenem.

Table 5. Number of Reactions to Carbapenems in Children or Adults With Previous Immunoglobulin E-Mediated Reactions to Penicillins or to Cephalosporins

Type of Previous Reaction to Penicillin/
Cephalosporin

Proven
IgE-Mediated
Reaction to
Carbapenem

Suspected
IgE-Mediated
Reaction to
Carbapenem

Possible
IgE-Mediated
Reaction to
Carbapenem

Total
IgE-Mediated
Reaction to
Carbapenem

Non–IgE-Mediated
Reaction to
Carbapenem

Total Reaction to
Carbapenem (IgE and
Non–IgE-Mediated)

Proven IgE-mediated reaction to a penicillin 0/221 0/221 1/221 or 0.5% 1/221 or 0.5% 1/221 or 0.5% 2/221 or 0.9%

Suspected IgE-mediated reaction to a penicillin 0/182 0/182 1/182 or 0.5% 1/182 or 0.5% 0/182 1/182 or 0.5%

Possible IgE-mediated reaction to a penicillin 1/451 or 0.2% 0/451 17/451 or 3.8% 18/451 or 4.0% 15/451 or 3.3% 33/451 or 7.3%
Proven, suspected, or possible IgE-mediated

reaction to a penicillin AND positive skin test
to a penicillin

0/295 0/295 1/295 or 0.3% 1/295 or 0.3% 0/295 1/295 or 0.3%

Proven, suspected, or possible IgE-mediated
reaction to a penicillin AND results of penicillin
skin test not known

1/534 or 0.2% 0/534 18/534 or 3.4% 19/534 or 3.6% 16/534 or 3.0% 35/534 or 6.6%

Proven, suspected, or possible IgE-mediated
reaction to a penicillin AND negative skin test
to a penicillin

0/9 0/9 0/9 0/9 0/9 0/9

Proven IgE-mediated reaction to a cephalosporin 0 0 0 0 0 0

Suspected IgE-mediated reaction to a
cephalosporin

0/2 0/2 0/2 0/2 1/2 or 50% 1/2 or 50%

Possible IgE-mediated reaction to a
cephalosporin

0/10 0/10 1/10 or 10% 1/10 or 10% 1/10 or 10% 2/10 or 20%

Abbreviation: Ig, immunoglobulin.
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cross-reactivity rate for penicillins and a negligibly low inci-
dence for aztreonam [28]. However, that review differed from
our review in that the researchers included patients with posi-
tive skin tests to penicillins with no documentation that they
had ever had an IgE-mediated reaction to a penicillin. Given
the relatively high rate of false-positive penicillin skin tests
[29, 30], this could potentially lead to underestimation of the
cross-reactivity between carbapenems and other beta lactams.
The previous review reported the potential utility of carbape-
nem skin testing, as throughout various studies, all patients
with negative carbapenems skin tests (N = 320) subsequently
tolerated carbapenems [28].

One limitation of our systematic review is the highly heteroge-
neous patient population examined. One would assume that only
a small percentage of patients exposed to carbapenems with an
IgE-mediated reaction to other classes of beta lactams are report-
ed in the literature, and it is difficult to predict if authors are more
likely to report those with or without reactions to carbapenems.
One would anticipate that patients challenged with carbapenems
had less serious reactions to other beta lactams than did patients
who were not challenged. Authors also may not have always
made the correct judgment as to whether an adverse event was
drug related. Authors used many different definitions for what
constituted an IgE-mediated reaction. Our ability to accurately
classify IgE-mediated reactions as possible, probable, or proven
depended on the limited information provided by authors.
There were also limitations of the individual studies included.
Some included only patients with previous proven IgE-mediated
reactions, while others included patients with less convincing
previous reactions, such as a patient-reported history alone.

Given the low rate of cross-reactivity in previous studies,
when antibiotics are required in patients with IgE-mediated
reactions to penicillins, carbapenems would appear to be a rea-
sonable option. However, one should still proceed with caution.
The first dose of carbapenem should be given in a setting where
anaphylaxis can be managed. One option would be to challenge
with a very low dose of the carbapenem, such as 1% of the full
dose. If the patient has no reaction, then 10% of the full dose
could be given 1 hour later, followed by the full dose 1 hour
later if the patient remains asymptomatic. The data on
the cross-reactivity between cephalosporins and carbapenems
are sparse, so again, a protocol with challenge doses should
be strongly considered. If the patient has a reaction during
the challenge, options are to formally desensitize to the carba-
penem or to change to a non–beta lactam antibiotic. Although
carbapenem skin tests are not well validated, a negative result
appears to predict that it is likely that carbapenems will be
tolerated and so may play a role in future algorithms for man-
agement of such patients [28].

Priorities for future research include prospective studies of
the outcomes when larger numbers of unselected patients

with IgE-mediated reactions to other beta lactams are given car-
bapenems and validation of carbapenem skin testing.
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Original Article

Design and internal validation of an obstetric early warning score:

secondary analysis of the Intensive Care National Audit and

Research Centre Case Mix Programme database
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Summary
We designed and internally validated an aggregate weighted early warning scoring system specific to the obstetric

population that has the potential for use in the ward environment. Direct obstetric admissions from the Intensive

Care National Audit and Research Centre’s Case Mix Programme Database were randomly allocated to model

development (n = 2240) or validation (n = 2200) sets. Physiological variables collected during the first 24 h of

critical care admission were analysed. Logistic regression analysis for mortality in the model development set was

initially used to create a statistically based early warning score. The statistical score was then modified to create a

clinically acceptable early warning score. Important features of this clinical obstetric early warning score are that

the variables are weighted according to their statistical importance, a surrogate for the FIO2/PaO2 relationship is

included, conscious level is assessed using a simplified alert/not alert variable, and the score, trigger thresholds and

response are consistent with the new non-obstetric National Early Warning Score system. The statistical and clini-

cal early warning scores were internally validated using the validation set. The area under the receiver operating

characteristic curve was 0.995 (95% CI 0.992–0.998) for the statistical score and 0.957 (95% CI 0.923–0.991) for

the clinical score. Pre-existing empirically designed early warning scores were also validated in the same way for

comparison. The area under the receiver operating characteristic curve was 0.955 (95% CI 0.922–0.988) for Swan-

ton et al.’s Modified Early Obstetric Warning System, 0.937 (95% CI 0.884–0.991) for the obstetric early warning

score suggested in the 2003–2005 Report on Confidential Enquiries into Maternal Deaths in the UK, and 0.973

(95% CI 0.957–0.989) for the non-obstetric National Early Warning Score. This highlights that the new clinical

obstetric early warning score has an excellent ability to discriminate survivors from non-survivors in this critical

care data set. Further work is needed to validate our new clinical early warning score externally in the obstetric

ward environment.
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The 2003–2005 Report on Confidential Enquiries into

Maternal Deaths in the UK recommended the use of a

modified early warning score (EWS) to assist in identi-

fying the obstetric patient at risk of deterioration [1].

The rationale is that in many cases, early warning

signs of impending maternal collapse go unrecognised.

This recommendation was reiterated in the subsequent

triennial maternal mortality report [2].

The Royal College of Physicians has recently rec-

ommended the use of a standardised National Early

Warning Score (NEWS) throughout the National

Health Service (NHS) for use in all adult inpatients

[3]. The report emphasises the importance of standar-

dising physiological monitoring charts and plans across

the NHS to facilitate education and training, and ulti-

mately improve patient safety. However, the authors

state that NEWS should not be used in women who

are pregnant because of a modified physiological

response to acute illness in this group.

At present, there is no national or international

‘gold standard’ obstetric early warning score (EWS) in

use. An example of an empirically designed obstetric

EWS was, however, included in the 2003–2005 report

[1]. An adaptation of this obstetric EWS has recently

been prospectively validated against morbidity in 676

obstetric admissions to a single unit [4]. Swanton et al.

have also empirically designed a modified early obstet-

ric warning score (MEOWS) following a postal survey

of UK maternity units in 2007 [5]. Their survey found

that 30 (19%) maternity units were regularly using an

EWS in obstetric patients yet only nine (6%) were

using a system modified for parturients. These scoring

systems were not consistent in the physiological vari-

ables used, the layout of the charts or the trigger

thresholds. Considering the principles behind the

introduction of a standard national EWS for adult

non-obstetric patients [3], it would seem appropriate

that a standard national EWS is also developed for the

obstetric population.

By using a large dataset of obstetric admissions to

critical care units, we aimed to design and then inter-

nally validate a statistically based aggregate weighted

EWS specific to the obstetric population. This was to

be achieved using data collected from obstetric

patients after their admission to critical care units

participating in the Intensive Care National Audit and

Research Centre (ICNARC) Case Mix Programme

(CMP).

Methods
A study proposal was submitted and accepted by ICN-

ARC (January 2009). The South Manchester Research

Ethics Committee considered the study proposal and

stated that as it was a retrospective review of routinely

collected audit data and given the section 81 approval

of the ICNARC dataset, ethical approval was not

required under NHS research governance arrange-

ments (August 2009). Confidentiality agreements were

signed (February 2009) and ICNARC provided the

requested data (February 2009).

The CMP, which is co-ordinated by ICNARC, is a

national audit of patient outcomes from adult general

critical care units in England, Wales and Northern Ire-

land. The physiological data collected by the CMP

relates to the most abnormal measurements within the

first 24 h following critical care admission. Data were

extracted from 604 846 admissions to 181 critical care

units in the CMP, covering the period from December

1995 to September 2008 inclusive. The details of data

collection and validation have been previously pub-

lished [6].

Relevant cases were provided by ICNARC using a

methodology previously described by Harrison et al.

[7]. All female admissions, aged between 16 and

50 years inclusive, were selected from the CMP data-

base. Obstetric admissions were identified using the

four admission fields: ‘primary reason for admission’,

‘secondary reason for admission’, and two ‘other con-

dition relevant to the admission’ fields. These fields are

coded using the ICNARC coding method [8]. The free

text field of the database was also searched to identify

additional cases. The obstetric admissions were divided

into direct and indirect. Direct obstetric admissions

included all cases where the ‘primary reason for

admission field’ or ‘secondary reason for admission’

contained an obstetric condition (Table S1 (online

only)). Indirect admissions were cases that did not

meet the above criteria for direct obstetric admission

and met any of the following three criteria: the ‘other

condition relevant to the admission’ fields contained

an obstetric condition; the entry in any of the four

admission fields was a partially completed code with
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the site tier recorded as ‘ovary, fallopian, uterus or

genitalia (obstetric)’; or the patient was identified as

being pregnant or having recently been pregnant by

searching the text field for a predefined list of preg-

nancy-related search terms. The remaining cases

(women aged 16–50 who were not identified as a

direct or indirect obstetric admission) made up the

non-obstetric admissions group.

The definitions used for direct and indirect obstet-

ric admissions are distinct from the definitions of

direct and indirect maternal deaths used by the Confi-

dential Enquiries into Maternal Deaths. The latter

defines direct maternal deaths as those resulting from

conditions or complications or their management that

are unique to pregnancy, occurring during the antena-

tal, intrapartum or postpartum periods. The indirect

maternal deaths are those resulting from previously

existing disease or disease that develops during preg-

nancy not as the result of direct obstetric causes, but

that is aggravated by physiological effects of pregnancy

[1].

Case mix (age, illness severity, surgical status), out-

come (unit and hospital survival) and activity (unit

and hospital length of stay) data were extracted. Illness

severity was measured using the Acute Physiology and

Chronic Health Evaluation II (APACHE II) score [9].

Surgical status was classified as either non-surgical,

elective surgery or emergency surgery [6]. Length of

stay in the CMP unit was calculated in hours from the

dates and times of admission and discharge. Hospital

length of stay was calculated in days from the dates of

hospital admission until ultimate discharge.

The dataset of female critical care admissions was

randomly allocated by computer-generated numbers in

a 1:1 ratio into two sets (Set 1 and Set 2). The direct

obstetric admissions from Set 1 formed the model

development set, which was used to identify variables

associated with unit mortality. The validation set,

formed by the direct obstetric admissions within Set 2,

was reserved for internal validation of the developed

model (Fig. 1).

All physiological variables that could be easily

recorded within the ward environment were selected

from the dataset: highest and lowest heart rate; highest

and lowest systolic blood pressure (BP); highest and

lowest diastolic BP, highest and lowest respiratory rate

separated into ventilated and non-ventilated; highest

and lowest temperature separated into central and

Case mix programme 
database admissions

604 846

Female aged 16–50 years 
inclusive

71 108

Set 1

35 570

Model development 
set

Direct obstetric

2240

Indirect obstetric

439

Non-obstetric

32 891

Set 2

35 538

Validation set

Direct obstetric

2200

Indirect obstetric

449

Non-obstetric

Remaining admissions

533 738

Figure 1 Flow chart illustrating selection of cases from the Case Mix Programme database.
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non-central; lowest total Glasgow Coma Score (GCS);

urine output; lowest PaO2; and FIO2 associated with

the lowest PaO2. The CMP database, and consequently

the model development dataset, records the most

abnormal physiological measurements within the first

24 h following critical care admission.

The CMP database provides the lowest total GCS

score (or pre-sedation GCS score for admissions

sedated or paralysed for the entire first 24 h period on

the CMP unit) for the first 24 h of the patient’s admis-

sion to the critical care unit. As GCS is not commonly

measured on general hospital wards, conversion of

GCS values into a simplified assessment of conscious

level AVPU (alert, responds to voice, responds to pain,

unconscious) was necessary. The relationship between

GCS and AVPU has previously been compared in the

literature [10, 11]. We considered every possible GCS

combination and calculated the corresponding AVPU

score. Using the previously published findings in

combination with our own information, the GCS

ranges for each AVPU category were assigned as

follows: alert – GCS 15, responds to voice – GCS 10–

14, responds to pain – GCS 7–9, unresponsive – GCS

3–6. The GCS data were also further simplified into

‘alert’ (GCS 15) or ‘not alert’ (GCS 3–14).

In the CMP database, urine output is recorded as

the total volume (ml) passed in the first 24 h after

admission. The total volume of urine was divided by 24

to provide a value for the mean hourly urine output.

Within the model development set, each variable

was screened for missing values (Table 1). In the CMP

database, temperature is recorded as highest core tem-

perature, highest non-core temperature, lowest core

temperature and lowest non-core temperature. New

variables ‘maximum temperature’ (highest value from

core and non-core highest temperature) and ‘mini-

mum temperature’ (lowest value from core and non-

core lowest temperature) were created to reduce the

number of missing values for the temperature variable.

Respiratory rate is recorded as the highest and lowest

during controlled ventilation (highest ventilated and

lowest ventilated, respectively) and during spontaneous

ventilation (highest non-ventilated and lowest non-

ventilated, respectively). Missing data are unavoidable

in the respiratory rate fields due to the initiation of

mechanical ventilation before admission to the CMP

unit (non-ventilated data missing) or mechanical venti-

lation not being required within the first 24 h of

admission (ventilated data missing). Missing values

were imputed to the group-specific (unit survivors/

non-survivors) median value.

From the model development set data, case mix,

outcome and activity were described for the direct and

indirect obstetric admissions.

Within the model development set, the effect of the

CMP variables on unit mortality was assessed using uni-

variate analysis. Significant variables (p < 0.05) were then

entered into a multiple logistic regression model. This

method of model development has been previously

described [12]. The regression coefficients were used to

weight each covariate, creating a statistical obstetric EWS.

To improve clinical acceptability, additional physiological

variables were added to the statistical EWS and a new

clinical obstetric EWS developed. The ranges and weigh-

tings of each additional variable were selected on an

empirical basis and the impact assessed using the area

under receiver operating characteristic (ROC) curves. The

ROC curves were then used to assess the ability of the

new score to discriminate between survivors and non-sur-

vivors. The newly designed EWS was then applied pro-

spectively to the validation set. The predicted outcomes

were compared with actual outcomes for the individual

cases in the validation set using ROC curve analysis.

We compared the statistical EWS and clinical

EWS with Swanton et al.’s empirically designed

MEOWS [5]; the Confidential Enquiries into Maternal

Deaths obstetric EWS [1]; and the Royal College of

Physicians’ non-obstetric NEWS [3].

All analyses were performed using Statistical Pack-

age for Social Sciences (SPSS) 19 for Mac 2010 (IBM,

Somers, NY, USA) and Number Cruncher Statistical

Systems (NCSS) 2007 (Hintze, J.; NCSS, LLC, Kays-

ville, UT, USA). Mortality rates are presented with

Clopper-Pearson 95% CI and the effects of predictor

variables as odds ratios with 95% CI. Statistical signifi-

cance was defined for two-sided p < 0.05.

Results
From the 604 846 admissions in the CMP database, 71

108 were identified as female admissions aged between

16 and 50 years inclusive (Fig. 1). The final total of

4440 direct obstetric admissions represented 0.7% of
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all CMP admissions and 6.2% of all female admissions

aged 16–50 years.

Table S2 (online only) summarises the case mix,

outcome and activity data for the direct and indirect

obstetric admissions within Set 1. The unit and hospi-

tal mortalities of the direct obstetric admissions were

1.7% (95% CI 1.2–2.4%) and 2.1% (95% CI 1.6–2.8%),

respectively. These were much lower than the mortali-

ties for the non-obstetric admissions which were 13.0%

(95% CI 12.7–13.4%) and 17.5% (95% CI 17.1–17.9%)

for unit and hospital mortalities, respectively. The hos-

pital mortality for all obstetric admissions (direct and

indirect) in Set 1 was 2.8% (95% CI 2.2–3.5%).

Table S3 (online only) shows the numbers of

admissions with each specific ICNARC coding method

obstetric condition and the mortality associated with

each condition. Peripartum or postpartum haemor-

rhage was the most common condition (47% of direct

obstetric admissions), but with the lowest hospital

mortality (0.8%).

Table 1 shows the missing values associated with

each variable. Values for the temperature variable were

missing in < 13% in the non-survivors subgroup and

< 4% for the survivor subgroup. Values of respiratory

rate for non-ventilated non-survivors were missing in

85% and ventilated survivors in 55%. Lowest total

GCS variable values were missing in 41% of non-survi-

vors and 22% of survivors. All other variables of inter-

est had missing values of < 8% (non-survivors) and

< 19% (survivors).

Table S4 (online only) highlights the factors associ-

ated with unit mortality as identified by univariate anal-

ysis. Although the highest and lowest heart rate are both

significant, the direction of change in the variables sug-

gests that it is an increase in heart rate that is associated

with worsening mortality. This association is also seen

with highest and lowest RR. The lowest systolic and dia-

stolic BP are paired correlated values necessitating the

inclusion of only one of the variables.

The remaining significant variables (lowest total

GCS, highest heart rate, lowest systolic BP, minimum

temperature, highest non-ventilated respiratory rate,

hourly urine output and FIO2 associated with the low-

est PaO2) were entered into a multiple logistic regres-

sion model. We then repeated the multiple logistic

regression modelling substituting GCS first for ‘AVPU’ T
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and then for ‘alert/not alert’ (Table 2). The regression

equation coefficients were processed to factor in the

size of change in the physiological variable. For exam-

ple, SBP coefficient: 0.018 represents a 1 mmHg

change in SBP therefore 0.36 (0.018 9 20) represents

a 20 mmHg change (Table 2). The coefficients were

then ‘rounded’ and used to weight each covariate and

create a statistically based obstetric EWS (Table 3).

One of the significant variables was ‘FIO2 associ-

ated with lowest PaO2 on arterial blood gas sampling’.

From the data in Table S4, it can be seen that the

median lowest PaO2 values were similar for the non-

survivors and survivors (11.45 kPa and 11.60 kPa,

respectively), yet the median FIO2 value was noticeably

higher for the non-survivors compared with the survi-

vors (0.60 vs 0.30). The corresponding SpO2 value for

a PaO2 equal to 11.5 kPa is 96% [13]. As ‘FIO2 associ-

ated with lowest PaO2 on arterial blood gas sampling’

is not routinely measured in the ward environment, a

surrogate variable of ‘FIO2 to maintain SpO2 � 96%’

was identified (Table 3).

The statistically relevant variables from the logistic

regression analysis and additional variables needed to

meet clinicians’ expectations were incorporated to cre-

ate a clinical EWS specific to the obstetric population

(Table 4).

Figure 2 shows the ROC curves using the model

development set and CMP mortality for the initial sta-

tistical EWS, the clinical EWS and the clinical EWS

with the RR component excluded. The area under the

curve (95% CI) was 0.986 (0.973–0.999), 0.978 (0.967–

0.989) and 0.958 (0.938–0.978), respectively.

Data in the validation set were prepared in the

same way as for the model development set. Within

the validation set, each variable was screened for miss-

ing values (Table 5). Missing values were imputed to

the group specific median value. Unfortunately this

was not possible for the non-ventilated respiratory rate

data. As a quirk of the randomisation process, 31 out

of 32 (96.9%) values for non-ventilated respiratory rate

were missing within the non-survivor subgroup. Non-

ventilated respiratory rate missing values were there-

fore imputed to the model development set median

values rather than the validation set values.

Table S5 (online only) compares the case mix,

outcome and activity data for the model development

and validation sets. The only obvious anomaly between

the two sets was that hospital length of stay was one

day shorter in the validation set with median values

(IQR [range]) of 9 (6–14 [0–397]) and 8 (6–13 [0–

431]) days (p = 0.034) in the development and valida-

tion sets, respectively.

Table 3 New statistical obstetric early warning score: includes significant variables from logistic regression weighted
according to their regression coefficients.

Red numbers relate to the weighting of each variable, calculated from the regression equation coefficients in Table 2. GCS, Glas-
gow Coma Score.
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Figure 3 shows the ROC curves of predicted out-

comes for the statistical EWS, the clinical EWS and

the pre-existing EWS to actual outcomes for the indi-

vidual cases in the validation set. The areas under the

ROC curves for the statistical EWS and clinical EWS

are 0.995 (95% CI 0.992–0.998) and 0.957 (95% CI

0.923–0.991), respectively. The area under the ROC

curves for the pre-existing EWS are also shown: Swan-

ton’s empirically designed MEOWS 0.955 (95% CI

0.922–0.988) [5]; the obstetric EWS provided as an

example in the 2003–2005 Report on Confidential En-

quiries into Maternal Deaths 0.937 (95% CI 0.884–

0.991) [1]; and, although not intended for obstetric

patients, the Royal College of Physicians NEWS 0.973

(95% CI 0.957–0.989) [3]. In addition, Fig. 3 shows

the area under the ROC curve for the clinical obstetric

EWS with the respiratory rate component excluded to

be 0.936 (95% CI 0.891–0.981).

Discussion
The aim of this study was to design and then inter-

nally validate an aggregate weighted scoring system

specific to the obstetric population which has the

potential for use in the ward environment. We

achieved this using a large database of critically ill

obstetric patients.

The mortality rate for all obstetric admissions in

this study of 2.8% is consistent with previously pub-

lished UK data of 3.1% from a smaller ICNARC data

set [7] and 3.3% from the South West Thames data-

Table 4 New clinical obstetric early warning score. Score created by combining the statistical score derived using
logistic regression analysis and clinical judgement.

Urine output, pain score, FIO2 and SpO2 recorded elsewhere on chart. Alert*, alert and orientated, equivalent to Glasgow Coma
Score (GCS) 15 and A on Alert/Voice/Pain/Unresponsive (AVPU) scale; Not alert†, GCS 3–14 or V, P, U on AVPU scale.

Figure 2 Receiver operating characteristic curves using
the model development set for obstetric early warning
score (OEWS) development. Outcome is unit mortal-
ity. Dotted line, statistical OEWS; solid line, clinical
OEWS; dashed line, clinical OEWS with the respira-
tory rate variable excluded; grey line, reference.
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base [14]. This study found that 0.9% of UK critical

care admissions were related to pregnancy, in keeping

with the ICNARC dataset [7], but lower than the

South West Thames database [14]. The South West

Thames data from 14 critical care units identified 1.8%

of admissions (210 out of 11 385) as being due to

obstetric causes. Harrison et al., commenting on this

difference, highlighted that ‘the responsible consultant’

identified a quarter of the obstetric admissions in the

South West Thames database [7]. This information is

not available in the CMP database.

A new obstetric EWS has been developed. Logistic

regression analysis was initially used to appropriately

weight the statistically relevant variables and create a

purely statistical EWS. The area under the ROC curve

for the statistical EWS in the validation set (0.995

(95% CI 0.992–0.998)) is extremely high, indicating

the statistical score’s excellent ability to discriminate

between survivors and non-survivors. However, the

statistical score is complex, does not fulfil minimum

monitoring criteria [15] and does not meet the expec-

tations of the clinicians that would use the score [5]. It

was therefore necessary to add non-significant vari-

ables to the statistical EWS to produce the clinical

EWS.

When designing an EWS, it is important that the

score meets with the expectations of the clinicians who

will be implementing the score. Swanton et al.

reported that diastolic BP was included in all nine of

the obstetric specific EWS that they reviewed [5], and

from this we assume that the majority of clinicians

would expect diastolic BP to form part of an obstetric

specific EWS. Diastolic BP is also an important variable

in the screening for and diagnosis of pre-eclampsia.

Hypertension (systolic and diastolic) in pregnancy has

been the subject of a recent National Institute for

Health and Clinical Excellence (NICE) clinical guide-

line [15] and the management of hypertension, in par-

ticular systolic hypertension, forms one of the top ten

recommendations in the latest Confidential Enquiries

into Maternal Deaths report [2]. High systolic BP and

diastolic BP, although not statistically significant vari-

ables, have therefore been incorporated into the new

clinical score. The systolic and diastolic BP ranges

were initially assigned using the definitions for mild

(140–149/90–99 mmHg), moderate (150–159/100–

109 mmHg) and severe (� 160/� 110 mmHg)

hypertension as outlined in the NICE clinical guideline

[15]. Highest temperature, another non-significant var-

iable, was also added to the new clinical score to meet

clinicians’ expectations as sepsis is highlighted by the

latest Confidential Enquiries into Maternal Deaths

report [2]. The initial cut off of a temperature > 38 °C

was selected from the systemic inflammatory response

syndrome (SIRS) criteria [16]. Finally, for complete-

ness, low HR and low respiratory rate (again not sta-

tistically significant variables) were also added to the

clinical score. The area under the ROC curve for the

new clinical EWS in the validation set (0.957 (95% CI

0.923–0.991)) shows that creating a clinically accept-

able score, rather than using only the statistically sig-

nificant variables, has not resulted in a significant

decrease in score discrimination.

A minimum standard for routine monitoring of

physiological observations has been set by NICE [17]

which includes heart rate, respiratory rate, systolic BP,
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Figure 3 Receiver operating characteristic curves using
the validation set for comparison of obstetric early
warning score (OEWS) performance. Outcome is unit
mortality. Dotted line, statistical OEWS; solid line,
clinical OEWS; dashed line, clinical OEWS with the
respiratory rate variable excluded; blue line, National
Early Warning Score; red line, Modified Early Obstet-
ric Warning System; green line, Confidential Enquiry
into Maternal and Child Health OEWS; grey line,
reference.
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level of consciousness, arterial oxygen saturation and

temperature. The new clinical EWS variables comply

with this minimum standard assuming ‘FIO2 required

to maintain SpO2 � 96%’ is an acceptable substitute

for oxygen saturation. Arterial oxygen saturation is

commonly used in early warning scores and has been

shown to be a useful variable in predicting the need

for ICU admission [18]. A comparative cohort study

by Cuthbertson et al. considered two groups of surgi-

cal high dependency patients, one group requiring and

the other not requiring ICU admission. They studied

the performance of individual variables in predicting

the need for ICU admission and showed that oxygen

saturation could differentiate between the two groups

48 h before ICU admission [18]. The new clinical

EWS incorporates the FIO2 required to maintain

SpO2 � 96%. Inclusion of this surrogate marker of

the FIO2/PaO2 relationship in an EWS seems intui-

tively correct. When incorporating our new clinical

obstetric EWS into an observation chart, the actual

FIO2 and SpO2 values should also be recorded to allow

tracking of a patient’s oxygenation over time. Other

variables included in our clinical EWS are consistent

with the previously published work looking at factors

predicting clinical deterioration: Goldhill et al. noted

the most common abnormalities in pre-admission

physiological observations from patients admitted to

ICU to be tachypnoea and altered level of conscious-

ness [19], and Kause et al. revealed hypotension and

fall in GCS to be the most common antecedents to

cardiac arrest, death or emergency ICU admission

[20]. The new clinical EWS has the additional benefit

of, wherever possible, appropriately weighting these

variables according to their importance.

Despite the CMP’s providing the largest available

dataset pertaining to critically ill obstetric patients, the

relatively low frequency of obstetric admissions to criti-

cal care units and the overall very low mortality rate for

obstetric patients have resulted in significant amounts

of missing data. Of concern is that the cases with miss-

ing data may be systematically different from other

cases, leading to misleading results. The high percentage

of missing non-ventilated respiratory rate values

(patients’ lungs ventilated on admission to the CMP

unit) being imputed to the median value questions the

validity of describing respiratory rate as a significant

variable. The non-ventilated respiratory rate variable

was also absent from 96% of the deaths in the valida-

tion set, again necessitating imputation of data. The

concern over respiratory rate data imputation was

addressed by comparing the area under ROC curve for

the clinical EWS (0.957 (95% CI, 0.923–0.991)) with the

clinical EWS calculated with the respiratory rate

variable excluded (0.936 (95% CI, 0.891–0.981)) in the

validation dataset. The latter illustrates that the score

retains its discriminatory ability even with the respira-

tory rate variable excluded. However, respiratory rate is

often reported as one of the more sensitive parameters

when trying to identify patients at risk of deterioration

[20–22] and is one of the physiological observations

making up the minimum standard for an EWS as set

out by NICE [17]. It was therefore inappropriate to

consider excluding respiratory rate from the new score.

Accurate measurement of urine output requires

bladder catheterisation, and for this reason NICE [17]

does not include it as a core parameter for an EWS.

The nine obstetric specific EWS considered by Swan-

ton et al. did not agree on the inclusion of urine out-

put as a variable [5]. From the logistic regression

analysis (Table 2), we can see that the weighting allo-

cated to urine output was very small (25 times less

than alert/not alert). Sensitivity analysis revealed that

exclusion of urine output did not alter the perfor-

mance of the new score. After consideration of these

points, urine output was not included in the new

score. Urine output is, however, useful in certain

obstetric conditions and there should be provision for

its measurement on an obstetric EWS chart even

though it is not formally incorporated into the score.

Score simplicity is another key factor in design of

an early warning score: simple scores are more reliable

[23], are less prone to human calculation errors [19]

and have increased reproducibility [23, 24]. In addi-

tion, the Royal College of Physicians has emphasised

the importance of standardising monitoring charts

across the NHS [3]. With these factors in mind,

empirical approaches were employed to ensure that

the new clinical score was as simple as possible. This

included the reduction of weighting for the ‘high respi-

ratory rate and ‘not alert’ variables from 5 to 3.

If the new clinical obstetric EWS was simply

designed as a prognostic score to predict death on the
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CMP unit, a cut-off value of 12 gives a sensitivity of

97%, specificity of 87% and total accuracy of the score

of 88%. However, the role of an EWS is to predict the

patient at risk of deterioration and the patients in this

dataset had all already been admitted to a critical care

unit. It is therefore necessary to select a much lower

threshold value to detect the patient at risk of deterio-

ration.

The National Institute for Health and Clinical

Excellence [17] has recommended that the EWS

response strategy to patients identified at being at risk

of clinical deterioration should be graded and consist

of three levels: a low-score group that results in

increased frequency of observations and alerting of

the nurse in charge; a medium-score group, resulting

in simultaneous urgent calls to the medical team car-

ing for the patient and to personnel with competencies

for acute illness; and a high-score group resulting in

an emergency call to a team with critical care compe-

tencies and diagnostic skills. This graded response

strategy (low, medium and high clinical risk) has been

incorporated into the new clinical obstetric EWS sys-

tem. The clinical EWS triggers for low, medium and

high clinical risk are shown in Table S6 (online only).

As NEWS is aimed for national adoption [3], we have

selected trigger thresholds that correspond with those

used in the NEWS system for ease of use and to main-

tain a standardised approach.

The exact nature of the response for each level

(time frame, frequency of ongoing observations,

seniority of attending personnel, appropriate environ-

ment for ongoing management) cannot be dictated

centrally and needs to be arranged at a hospital level

[17]. The new clinical EWS system, as with any EWS,

also has the provision for the staff caring for a patient

to override the prescribed response and request a

review of a patient about whom they are clinically con-

cerned.

Colour coding of EWS charts is commonly used

to provide a visual cue to aid in the identification of

abnormal physiological variables [1, 3, 5, 17]. The new

clinical EWS system incorporates a colour scheme as

well as a numeric measure of illness severity (red = 3;

orange = 2; green = 1).

When implementing any EWS, obstetric-specific

conditions need to be considered. Barrett and Yentis

recommend that a track and trigger model for obstet-

rics should include underlying pathophysiology such

as pre-eclampsia or eclampsia, hepatic disorders of

pregnancy and potentially women with significant

underlying medical diseases [25]. These factors can be

considered in conjunction with the new clinical EWS

system.

Development of this clinical EWS system has cre-

ated a score that accurately identifies the obstetric

patient at risk of death. The model development set

(n = 2240) comprises parameters measured after

admission to critical care and those factors associated

with unit mortality have been identified and incorpo-

rated into the new obstetric scoring system. However,

physiological parameters measured within the first

24 h of critical care admission will not necessarily

reflect the physiological changes that occur in the per-

iod before deterioration. The majority of the admis-

sions within the model development set were following

emergency surgery. This means that a degree of resus-

citation and stabilisation of abnormal physiology may

have occurred before arrival on the CMP unit. It is the

parameters in the period before the deterioration that

are of most interest when trying to design an EWS. As

an estimated 0.07% of maternities [1] or 0.17% of

deliveries [14] require critical care, prospective data

collection of a similarly sized dataset of critical care

obstetric admissions would require participation by all

181 CMP hospitals in the country over a 6-year per-

iod. Although aware of the limitations of the CMP

database in this setting, we have therefore, designed

our clinical obstetric EWS system using the best avail-

able dataset.

Another potential limitation results from using

mortality as the outcome measure. Using mortality

may result in inappropriate significance being given to

variables that are actually associated with irreversible

pre-terminal events rather than severity of illness.

However, it cannot be determined from the dataset

whether earlier admission to critical care with a lesser

derangement in these physiological variables would

result in improved survival. Furthermore, as this study

is a secondary analysis of pre-existing data, potentially

relevant data (parity, gestation or time since delivery)

are missing from the dataset. Although not helpful for

the current analysis, the CMP specification has been
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revised to include additional fields relevant to obstetric

admissions.

We also assessed the performance of Swanton

et al.’s empirically designed MEOWS [5], the obstetric

EWS suggested in the Report on Confidential

Enquiries into Maternal Deaths [1] and, although not

intended for obstetric patients, the Royal College of

Physicians’ NEWS [3] in our validation dataset using

ROC analysis. The area under the ROC curves for

these three scores, whilst outperformed by the statisti-

cal EWS (0.995 (95% CI 0.992–0.998)), are broadly

similar to that of our clinical EWS (0.957 (95% CI

0.923–0.991)). Although this is a superficial compari-

son, it suggests some degree of construct validity to

MEOWS [5], the Confidential Enquiries into Mater-

nal Deaths obstetric EWS [1] and NEWS [3]. We

can therefore comment that our obstetric EWS, which

has been developed using critical care data, performs

in a similar manner in this analysis to the obstetric

and non-obstetric EWS that are based on ward data.

This similarity in performance suggests that our clini-

cal EWS may also perform well when applied to

ward-based data. However, external validation in a

ward setting is needed to confirm this hypothesis.

Although our newly designed clinical obstetric

EWS has a higher area under the ROC curve than the

pre-existing obstetric EWS we analysed, it is not con-

vincingly so, raising questions as to the benefit of the

new score over the pre-existing scores. However, there

are several important additional factors that differenti-

ate the new clinical obstetric EWS from the pre-existing

obstetric EWS. The new clinical EWS has the benefit of

being developed using logistic regression and therefore

the variables are weighted, where possible, according to

their statistical importance. This contrasts with the pre-

existing obstetric EWS, which have been empirically

developed. Another significant difference between the

new and pre-existing obstetric EWS is that inspired

oxygen concentration is included in the new score. The

new clinical EWS is not the first EWS to take inspired

oxygen into consideration. Within the non-obstetric

NEWS system, two points are added to the score if the

patient requires supplemental oxygen [3]. This means

that a patient with SpO2 = 97% maintained by an oxy-

gen mask with a reservoir bag would score the same as

a patient with SpO2 = 97% requiring 1 l.min�1 of oxy-
gen via nasal cannulae. The new EWS variable of ‘FIO2

required to maintain SpO2 � 96%’, being a surrogate

for the FIO2/PaO2 relationship, allows greater differenti-

ation between patients. Another difference between the

new and pre-existing obstetric EWS is the substitution

of alert/not alert instead of the more complex AVPU

system: this serves to help simplify the new score. In

addition, the new clinical EWS system has been

designed to standardise the score, triggers and graded

response with the proposed National Early Warning

System [3]. A standardised approach to EWS systems

within the NHS would hopefully facilitate education and

training and ultimately improve patient safety [3].

The ICNARC CMP database, despite the limita-

tions, is the best available data set of critically ill

obstetric patients. We have used logistic regression

analysis to estimate the relative weightings of various

physiological variables and, in combination with clini-

cal judgment, have developed an internally validated

clinical obstetric EWS. Ongoing work will be to refine

further and then to validate the new score externally

in an obstetric ward population. We hope that our

new statistically based obstetric EWS will prove useful

in the development of a National Obstetric Early

Warning Score.
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Objective To describe the risk of maternal sepsis associated with

obesity and other understudied risk factors such as operative

vaginal delivery.

Design Population-based, case–control study.

Setting North NHS region of Scotland.

Population All cases of pregnant, intrapartum and postpartum

women with International Classification of Disease-9 codes for

sepsis or severe sepsis recorded in the Aberdeen Maternal and

Neonatal Databank (AMND) from 1986 to 2009. Four controls

per case selected from the AMND were frequency matched on

year-of-delivery.

Methods Cases and controls were compared; significant variables

from univariable regression were adjusted in a multivariable

logistic regression model.

Main outcome measures Dependent variables were uncomplicated

sepsis or severe (‘near-miss’) sepsis. Independent variables were

demographic, medical and clinical delivery characteristics.

Unadjusted and adjusted odds ratios (OR) with 95% confidence

intervals (95% CI) are reported.

Results Controlling for mode of delivery and demographic and

clinical factors, obese women had twice the odds of

uncomplicated sepsis (OR 2.12; 95% CI 1.14–3.89) compared with

women of normal weight. Age <25 years (OR 5.15; 95% CI 2.43–

10.90) and operative vaginal delivery (OR 2.20; 95% CI 1.02–4.87)

were also significant predictors of sepsis. Known risk factors for

maternal sepsis were also significant in this study (OR for

uncomplicated and severe sepsis respectively): multiparty (OR

6.29, 12.04), anaemia (OR 3.43, 18.49), labour induction (OR 3.92

severe only), caesarean section (OR 3.23, 13.35), and preterm

birth (OR 2.46 uncomplicated only).

Conclusions Obesity, operative vaginal delivery and age <25 years

are significant risk factors for sepsis and should be considered in

clinical obstetric care.

Keywords Maternal sepsis, obesity, operative vaginal delivery.
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Introduction

Severe sepsis is a potentially life-threatening condition that

is characterised by systemic inflammatory response syn-

drome with infection, organ dysfunction, hypoperfusion

and hypotension.1 If untreated, sepsis can rapidly progress

along a continuum of severity to septicaemic shock and

eventually death. Pregnant and postpartum women repre-

sent a particularly vulnerable population for developing

severe sepsis because of changing physiology, biochemistry

and immune response,2 as well as heightened susceptibility

to wound infection during delivery.

Although death as a result of pregnancy-related sepsis is

uncommon in the UK and other high-income countries,

mortality rates have more than doubled over the last two

decades in the UK3 and have also increased in other Euro-

pean countries.4 In the late 1980s the maternal mortality

rate from sepsis in the UK was 0.4/100 000 maternities,

whereas in the period from 2006 to 2008 the maternal

mortality rate increased to 1.13/100 000.3 This rate places

sepsis as the leading cause of direct maternal death, sur-

passing that of hypertensive disorders of pregnancy.3 In

addition, each fatality represents a much larger incidence of

morbidity and ‘near miss’ events during the perinatal and

puerperal periods. In the Netherlands, sepsis accounted for

8.1% of all Dutch obstetric intensive-care unit admissions.5

Concurrently, a recent body of evidence has indicated

increasing incidence and severity of sepsis in the general
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populations of both the USA and Europe,6–9 accounting

for 10–64% of all intensive-care unit admissions.10–12 Given

the recent increase in maternal deaths and an increase in

morbidity in the general population caused by sepsis, an

understanding of the risk factors for sepsis in pregnant and

postpartum women is needed to better target potential

points of clinical intervention.13,14

There are several well-established risk factors for maternal

sepsis including caesarean section15–18 and anaemia.17,19

However, the risk of maternal sepsis being potentially asso-

ciated with obesity has not been well described, although

obesity has been implicated in poor wound healing (primar-

ily in relation to caesarean section),20–24 genitourinary infec-

tion20 and uterine infection21 in the obstetric population.

The LEMMoN study from the Netherlands recently esti-

mated the relative risk of maternal sepsis associated with

being overweight (body mass index ‡25 and <30) to be 1.6

(95% CI 0.9–2.8), although this was not statistically signifi-

cant.18 In the UK, as in other developed countries, obesity

rates including women of reproductive age have been

increasing rapidly.25,26 In the mid-2000s, approximately

20% of pregnant women in the UK were obese.27,28 From

2003 to 2005, 33% of mothers who died directly from sepsis

in the UK were obese, and 48% had undergone a caesarean

section, all of whom were either overweight or obese.29

The aim of this study, therefore, was to describe the risk

of sepsis or severe sepsis associated with obesity (body mass

index ‡30) among pregnant, intrapartum and immediately

postpartum women. A secondary aim was to describe

understudied risk factors such as operative vaginal delivery,

as well as known risk factors not previously reported in the

UK. Our hypotheses were that (i) controlling for other clin-

ical factors including mode of delivery, the risk of maternal

sepsis would be higher for obese women, and that (ii) based

on findings from other countries, operative vaginal delivery

would be a significant risk factor for maternal sepsis.

Methods

This study was conducted using data from the University of

Aberdeen, Aberdeen Maternity Hospital, a tertiary-care

maternity hospital for the NHS North of Scotland region. The

hospital is the only tertiary referral hospital in the area, serves

a large and well-defined geographical region and has approxi-

mately 5000 births per year. All pregnancy-related events have

been recorded in the Aberdeen Maternal and Neonatal Data-

bank (AMND) since 1950. Data entry, coding protocols and

consistency rates for internal validation and valid ranges of

measurable variables are described in previous studies.30–32

Study design and outcome variables
This was an anonymised case–control study of all maternal

sepsis among antepartum, intrapartum and postpartum

women recorded in the AMND between 1986 and 2009.

Data were analysed using a case–control design because of

the relative rarity of maternal sepsis in the UK, and because

there are multiple known risk factors for maternal sepsis.

All cases were identified as those with an International

Classification of Disease ninth revision (ICD-9) sepsis code:

038.0–038.9 (septicaemia), 634.0–639.0 (sepsis following

abortion), 670.2 (puerperal sepsis) and 785.5 (septic

shock). Severe (‘near-miss’) sepsis cases were identified as

those with an ICD-9 code of septic shock, or according to

previously validated criteria defined by Martin et al.,6

which were those with an additional ICD-9 code for acute

organ dysfunction associated with sepsis. All other cases of

sepsis are referred to as ‘uncomplicated’. All cases with an

ICD-9 code for sepsis had a clinical diagnosis for systemic

inflammatory response syndrome in addition to a culture-

confirmed diagnosis of infection. Four controls per case

selected from the AMND who did not have an ICD-9 code

for sepsis were frequency matched on year of delivery.

Research ethics committee approval for use of anony-

mised data was not required. Approval of the research pro-

tocol was obtained from the Steering Committee of the

AMND before data extraction.

Sample size and statistical analyses
The sample size of this study was limited by the population

incidence of maternal sepsis, thereby minimising the possi-

bility of selection bias. The predictor variable of primary

interest was obesity. Therefore, with 103 cases (all cases

occurring in the population over the study period) and

four controls per case, and assuming a prevalence of expo-

sure to obesity of 19%,25 the study had 90% power at

P < 0.05 (two-sided) to detect a statistically significant

odds ratio (OR) of 2.3 or greater; this OR corresponds to

the odds reported in the most recent European study of

intra-amniotic infection among obese pregnant women.33

Frequencies of demographic and clinical variables were

tabulated for uncomplicated sepsis and severe sepsis case

groups and compared with controls using chi-square tests

for categorical variables and a Student’s t test or Wilcoxon

rank sum test as appropriate for continuous variables.

Univariable logistic regression analyses were carried out to

initially identify demographic and clinical risk factors for

uncomplicated maternal sepsis and severe sepsis; all P-val-

ues were unadjusted and two-sided, and a P-value of <0.05

was considered statistically significant. Significant variables

from univariable regression, or those factors that were

plausible confounders were included in a multivariable

logistic regression model using a stepwise method. Poten-

tial confounding factors that were not significant at

P < 0.05 in the initial multivariable regression (blood loss

of ‡500 ml, pre-eclampsia and previous miscarriage) were

removed from the final model. Interactions between
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demographic and clinical variables were assessed using like-

lihood ratio tests with a significance level of P < 0.01; no

interactions were identified in the final adjusted model.

Only two cases occurred antenatally and removal of these

cases did not significantly change the regression results, so

the antenatal cases were retained in the final regression

models. Multivariable regression results were adjusted for

calendar time and all other factors in the model. Results

are reported as unadjusted and adjusted OR with 95% con-

fidence intervals (95% CI). Stata statistical software 11

(StataCorp, College Station, TX, USA) was used for all

analyses.

Results

The total study population comprised 89 cases of uncom-

plicated maternal sepsis, 14 cases of severe maternal sepsis

and 412 control women. The majority of all cases occurred

postpartum and before hospital discharge; 98.9% (n = 88)

of women with uncomplicated sepsis and 92.9% (n = 13)

of women with severe sepsis. One woman had uncompli-

cated sepsis antepartum, and one women with severe sepsis

was diagnosed with an infection during delivery, which

later progressed to septic shock postpartum. Sepsis case

rates for the 23-year study period are shown in Figure 1.

Although rates of severe sepsis remained relatively constant

over the study period, rates of sepsis overall have increased

significantly since 2003 (P = 0.002) compared with the pre-

vious two decades. Point estimates for 3-year averages of

overall sepsis case rates for the periods 1987–89, 1997–99

and 2007–09 were: 1.08 per 1000 maternities (95% CI

0.64–1.71), 0.43 (95% CI 0.16–0.93) and 1.65 (95% CI

1.05–2.45) respectively. Point estimates for 3-year averages

of severe sepsis for the same periods were: 0.12 per 1000

maternities (95% CI 0.01–0.43), 0.07 (95% CI 0.00–0.40)

and 0.21 (95% CI 0.02–0.50).

The distribution of several demographic and medical

characteristics differed significantly between the three

groups (Table 1). The proportion of women from black or

other minority ethnic groups was greater among women

with sepsis: 5.7% of uncomplicated sepsis and 21.4% of

severe sepsis, compared with 0% of controls. The average

age of women with uncomplicated sepsis and severe sepsis

was younger than that of controls: mean age 28.2 years

(SD 5.6) and 27.4 years (SD 6.2), respectively, compared

with 31.3 years (SD 4.5). A larger proportion of women

with sepsis were multiparous and also had a previous mis-

carriage. Additionally, the proportion of mothers with

anaemia was progressively larger among women with

uncomplicated sepsis and severe sepsis: 67.4% and 92.9%

respectively compared with 37.6% of control women.

Although the rate of obesity was significantly greater

among women with sepsis, obesity among severe sepsis

cases was similar to that of controls. Gestation at booking,

marital status and diabetes did not differ significantly

between groups. One obese woman among the women with

sepsis and one obese woman among the controls had type

1 diabetes.

Several delivery characteristics also differed significantly

across the three groups (Table 2). A larger proportion of

women with severe sepsis had prelabour rupture of mem-

branes and an induced labour compared with controls.

More women with uncomplicated and severe sepsis had

caesarean sections: 48.3% and 64.3%, respectively, com-

pared with 25.3% of controls. A larger proportion of

women with severe sepsis also had a manual removal of
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Figure 1. Incidence of all sepsis and severe sepsis cases per 1,000 maternities from 1986-2009 in Aberdeen (three-year rolling averages).
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the placenta (21.4% versus 4.7% of controls, P = 0.04)

and lost ‡500 ml blood (71.4% versus 23.9% of controls,

P = 0.02) during delivery. The rate of severe pre-eclamp-

sia, preterm birth and babies admitted to the neonatal

intensive-care unit was also higher among women with

sepsis.

Over the 23-year study period, the proportion of sponta-

neous vaginal deliveries decreased while the proportion of

operative vaginal deliveries and caesarean sections increased

significantly (P < 0.001; P = 0.009; P < 0.001, respectively).

Despite these trends, sepsis case rates remained predomi-

nantly the highest among women who had a caesarean sec-

tion throughout the study period, although rates increased

in all modes from 2003 onwards. Antibiotic usage (before

discharge from the labour ward) in the overall study popu-

lation increased steadily from 1986 to 1996 (P < 0.001)

and plateaued from 1997 to 2009. Although there was no

significant difference between cases and controls in the

total proportion of antibiotic usage across all modes of

delivery (Table 2), among the women with sepsis who had

a caesarean section, 38.5% received antibiotics during

pregnancy or delivery, which was significantly lower than

the 70.2% of control women who had a caesarean section

and received antibiotics (P < 0.001). In addition, antibiotic

usage among control women who had a caesarean section

increased significantly over time (P = 0.003), whereas anti-

biotic usage among cases who had a caesarean section did

not increase over time. There was no significant difference

in antibiotic usage among women in the case and control

groups who had a manual placenta removal or an operative

vaginal delivery.

After adjusting for changes over time and other factors

in each model respectively, factors significantly associated

with both uncomplicated sepsis and severe sepsis were:

younger age, multiparity, anaemia, operative vaginal deliv-

ery and caesarean section (compared with spontaneous

vaginal delivery) (Table 3). Obesity was significantly associ-

ated with uncomplicated sepsis; however, this association

was not present with severe sepsis. Additionally, operative

vaginal delivery and preterm birth were associated with

uncomplicated sepsis, whereas induced labour was associ-

ated with severe sepsis.

Table 1. Demographic and medical characteristics of cases and controls (1986–2009)

Uncomplicated sepsis Severe sepsis Controls P-value*

n = 89 n = 14 n = 412

Ethnic group**

White 82 (94.3) 11 (78.6) 408 (100.0) <0.001

Black 2 (2.3) 1 (7.1) –

Asian 3 (3.5) 2 (14.3) –

Age, years, mean (SD) 28.2 (5.6) 27.4 (6.2) 31.3 (4.5) <0.001

Parity

0 25 (28.1) 5 (35.7) 178 (43.2) 0.009

1 39 (43.8) 5 (35.7) 179 (43.5) 0.89

‡2 25 (28.1) 4 (28.6) 55 (13.3) <0.001

First booking

First trimester 77 (86.5) 14 (100.0) 316 (82.7) 0.53

Second or third trimester 12 (13.5) 0 (0.0) 66 (17.3)

Marital status

Married 59 (66.3) 11 (78.6) 297 (72.1) 0.41

Single supported 17 (19.1) 2 (14.3) 73 (17.7) 0.86

Single unsupported 10 (11.2) 1 (7.1) 33 (8.0) 0.39

Divorced or separated 3 (3.4) 0 (0.0) 9 (2.1) 0.1

Body mass index, median (interquartile range)** 26 (23–30) 24 (22–25) 24 (22–28) 0.05

Obese 32 (36.0) 2 (14.3) 78 (18.9) 0.002

Anaemia 60 (67.4) 13 (92.9) 155 (37.6) <0.001

Diabetes (type 1) 2 (2.3) 0 (0.0) 3 (0.7) 0.26

Any previous miscarriage 6 (6.7) 2 (14.3) 12 (2.9) 0.023

Note categories are mutually exclusive.

Values are numbers (%) of women unless otherwise stated.

*Difference in distribution between all cases and controls; chi-square test; Fisher’s exact test for fewer than five observations; Student’s t test for

mean age; rank sum test for median body mass index.

**Among those reported.
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Discussion

Sepsis is now the leading cause of direct maternal death in

the UK,3 giving rise to an urgent need to describe the risk

factors for obstetric sepsis morbidity. This population-

based study reports specifically on the increased risk of

maternal sepsis associated with obesity, controlling for

mode of delivery. In addition, this investigation provides

insight about several understudied risk factors for maternal

sepsis including operative vaginal delivery and maternal

age, while corroborating other well-known risk factors.

Over the study period there was a significant increase in

the incidence of maternal sepsis from 2003 onwards,

compared with the average decreasing trend seen in this

population since 1986. There were no changes in diagnostic

coding that would explain this increase, as all maternal

events were recorded according to ICD-9 codes during the

entire study period. One possible explanation for this

increase is that 2003 was a peak year in the UK for b-hae-

molytic group A streptococcal (Streptococcus pyogenes)

infection,34–36 which has traditionally been a major cause

of maternal and puerperal sepsis morbidity and mortal-

ity.3,37 Interestingly, case rates increased across all modes of

delivery, which could either indicate nosocomial or com-

munity-acquired infection. As microbiological data were

not available for this study, further investigation is needed

to assess the impact of group A streptococci as well as

other causative organisms on maternal sepsis and possible

Table 2. Clinical delivery characteristics of cases and controls

Uncomplicated sepsis Severe sepsis Controls P-value*

n = 89 n = 14 n = 412

Premature rupture of membranes

(>18 hours before labour onset)**

5 (7.6) 2 (25.0) 38 (10.2) 0.84

Type of membrane rupture**

Artificial 32 (43.8) 3 (27.3) 190 (49.5) 0.19

Spontaneous 41 (56.2) 8 (72.7) 194 (50.5) 0.19

Type of labour

Spontaneous 46 (51.7) 3 (21.4) 251 (60.9) 0.014

Induced 31 (34.8) 9 (64.3) 139 (33.7) 0.33

Elective caesarean 12 (13.5) 2 (14.3) 22 (5.3) 0.003

Prolonged labour (stages 1 and 2 >12 hours)* 28 (41.2) 5 (45.5) 133 (35.0) 0.25

Mode of delivery

Spontaneous vaginal 29 (32.6) (63.0)*** 2 (14.3) (40.0)*** 202 (49.2) (16.0)*** 0.001

Operative vaginal**** 17 (19.1) (37.0)*** 3 (21.4) (60.0)*** 105 (25.5) (34.2)*** 0.2

caesarean section 43 (48.3) 9 (64.3) 104 (25.3) <0.001

Type of placental delivery

Controlled cord traction 83 (93.3) 10 (71.4) 380 (93.4) 0.28

Maternal effort 1 (1.1) 1 (7.1) 8 (2.0) 0.99

Manual removal 5 (5.6) 3 (21.4) 19 (4.7) 0.21

Blood loss at delivery (ml)

<200 15 (16.9) 3 (21.4) 110 (26.8) 0.5

‡200 <500 40 (44.9) 1 (7.1) 202 (49.3) 0.086

‡500 34 (38.2) 10 (71.4) 98 (23.9) <0.001

Perineal wound 30 (33.7) (65.2)*** 2 (14.3) (40.0)*** 253 (61.4) (82.4)*** 0.42

Antibiotics during pregnancy or delivery***** 37 (41.6) 3 (21.4) 176 (42.7) 0.48

Complications in current pregnancy

Severe pre-eclampsia 16 (18.0) 3 (21.4) 31 (7.5) 0.001

Haemorrhage, placental abruption or placenta praevia 12 (13.5) 2 (14.3) 43 (10.4) 0.55

Preterm birth 17 (19.1) 3 (21.4) 30 (7.3) <0.001

Baby admitted to neonatal intensive-care unit** 27 (42.2) 4 (44.4) 62 (21.6) <0.001

Note categories are mutually exclusive.

Values are numbers (%) of women.

*Difference in distribution between all cases and controls; chi-square test; Fisher’s exact test for fewer than five observations.

**Among those reported.

***Proporion of all vaginal delivery.

****Operative vaginal delivery includes the use of: forceps, Kielland forceps, vacuum extraction, assisted breech, and breech extraction.

*****Antibiotics administered before discharge from the labour ward.
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routes of infection. The average decreasing trend in the

incidence of all maternal sepsis from 1986 to 2003 may also

be explained by group A streptococcal activity; 1988 was a

peak year for scarlet fever and probably for invasive

infection as well in the UK, with a subsequent decrease in

following years. Increasing antibiotic usage may have also

helped to precipitate the decreasing trend in maternal

sepsis case rates during this period.

Although overall antibiotic usage increased over the

study period and despite a recent move to offering

Table 3. Unadjusted and adjusted odds ratios for factors associated with uncomplicated and severe sepsis

Uncomplicated sepsis Severe sepsis

Unadjusted Adjusted Unadjusted Adjusted

OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Demographic charateristics

Age tertiles

<25 years 4.94 2.64–9.22 5.15 2.43–10.90 5.10 1.32–19.78 10.17 1.86–55.52

25–34 years 2.88 1.68–4.93 2.56 1.37–4.78 2.63 0.74–9.27 3.26 0.61–17.41

>34 years 1* 1* 1* 1*

Parity

0 1* 1* 1* 1*

1 7.13 3.90–13.01 7.44 3.64–15.23 4.47 1.10–18.15 6.31 0.94–42.55

‡2 3.54 1.91–6.56 6.29 2.88–13.77 4.15 1.17–14.72 12.04 2.07–69.90

Late booking (second or third trimester) 0.96 0.49–1.88 – –

Marital status

Married 1* 1*

Single supported 1.17 0.65–2.13 0.74 0.16–3.41

Single unsupported 1.52 0.71–3.26 0.82 0.10–6.54

Divorced or separated 5.03 0.99–25.55 –

Medical characteristics

Obese 2.4 1.46–3.96 2.12 1.14–3.89 0.71 0.16–3.25

Smoked during pregnancy 1.46 0.86–2.48 0.30 0.04–2.36

Anaemia 3.43 2.11–5.58 3.44 1.93–6.13 21.55 2.79–166.38 1.97–173.14

Diabetes 3.13 0.52–19.04 – –

Any previous miscarriage 2.41 0.88–6.60 5.56 1.12–27.61

Clinical delivery characteristics

Premature rupture of membranes 0.72 0.27–1.90 2.92 0.57–14.99

Type of membrane rupture

Artificial 1* 1*

Spontaneous 1.25 0.76–2.08 2.61 0.68–9.99

Induced labour 1.05 0.65–1.70 3.54 1.16–10.75 3.92 1.02–15.35

Prolonged labour 1.30 0.77–2.20 1.55 0.46–5.17

Type of delivery

Spontaneous vaginal 1* 1* 1* 1*

Operative vaginal** 1.13 0.59–2.15 2.20 1.02–4.87 2.89 0.47–17.54 6.39 0.72–56.46

Caesarean section 2.88 1.70–4.88 3.23 1.65–6.34 8.74 1.85–41.19 13.35 2.08–85.68

Manual placenta removal 1.22 0.44–3.35 2.16 0.26–17.68

‡500 ml blood loss at delivery 1.97 1.21–3.19 7.96 2.44–25.94

Perineal wound 0.32 0.20–0.52 0.10 0.02–0.47

Antibiotics during pregnancy or delivery*** 0.95 0.60–1.52 0.37 0.10–1.33

Severe pre-eclampsia 2.69 1.40–5.18 3.35 0.89–12.65

Haemorrhage, placental abruption, or placenta praevia 1.34 0.67–2.65 1.43 0.31–6.60

Preterm birth 3.00 1.58–5.74 2.46 1.11–5.47 3.47 0.92–13.13

Results adjusted for calendar time and for all factors listed in the table.

–Indicates no comparison group, i.e. zero incidence in either case or control group.

*Reference group.

**Operative vaginal delivery includes the use of: forceps, Kielland forceps, vacuum extraction, assisted breech, and breech extraction.

***Antibiotics administered before discharge from the labour ward.
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antibiotics to all women undergoing a caesarean section as

of 2004 under the UK National Institute for Health and

Clinical Excellence (NICE) guidelines,38 fewer than half of

all cases that had a caesarean section received antibiotics

before discharge from the labour ward compared with the

majority of control women who had a caesarean section.

In this study, there was sufficient power to confidently

demonstrate associations between uncomplicated sepsis and

high-prevalence predictive factors in multivariable regression.

However, because of the low population prevalence of type 1

diabetes and manual placenta removal, there was insufficient

power to exclude the role of chance in the association

between these variables and the odds of sepsis. In addition,

the sample size for women with severe sepsis was very small,

which resulted in a large degree of uncertainty as shown by

wide confidence intervals for most factors. The results of the

analysis of severe sepsis, therefore, should be interpreted as

exploratory; future studies in a larger population are needed

to validate and elucidate the risk factors for severe sepsis.

It is generally known that obese pregnant women are at

increased risk of wound infection with sepsis as a possible

sequela. This increased risk is particularly evident following

caesarean section,22–24,39, which obese women undergo

much more frequently than women of normal weight.20,21,40

The extent to which obesity may independently predispose

women to maternal sepsis, however, has not been well

described. We found that after controlling for mode of deliv-

ery, obese women had twice the odds of developing uncom-

plicated sepsis compared with women of normal weight.

This association was independent of mode of delivery. The

degrees to which prediabetes, impaired glucose tolerance

and gestational diabetes in association with obesity may play

a role in the risk of sepsis, remain to be investigated.

An interesting finding from our study was that younger

maternal age was a significant risk factor for sepsis and

severe sepsis, which is contrary to previous studies. Older

women are at increased risk for several pregnancy complica-

tions and studies on or including maternal sepsis have

reported findings commensurate with this general trend.18,41

We found, however, that being younger than 25 years,

which was younger than the mean age for either case group,

was strongly predictive of sepsis. Women younger than

25 years had five times the odds of developing uncompli-

cated sepsis and ten times the odds of developing severe sep-

sis, compared with women older than 34 years. Despite the

finding that younger maternal age was associated with all

sepsis in this study, multiparity was also strongly associated

with sepsis. This seeming confluence resulted from the fact

that cases tended to be younger and multiparous, whereas

controls tended to be older and primiparous. We speculate

that this observation may replicate patterns of community-

acquired infection, particularly group A streptococcal infec-

tions, but this cannot be confirmed using these data.

One understudied risk factor that emerged from our

study was the association between operative vaginal deliv-

ery (forceps, vacuum extraction or assisted breech), and

maternal sepsis. We found that women who had an opera-

tive delivery had over twice the odds of uncomplicated sep-

sis compared with women who had a spontaneous vaginal

delivery. This finding is consistent with the few previous

studies to have investigated this risk factor. In a Canadian

population-based study, Liu et al.42 found that women

delivered by vacuum extraction or forceps had an odds of

1.24 (95% CI 1.09–1.41) or 1.62 (95% CI 1.40–1.87)

respectively, of major puerperal infection. Lydon-Rochelle

et al.43 also found in a US population-based study that

women who had an operative vaginal delivery were 20%

more likely (relative risk 1.2) to be re-hospitalised within

60 days of delivery for uterine infection.

This study also corroborates several previously cited risk

factors for maternal sepsis. In keeping with findings from

Waterstone et al.,44 the only other study of severe sepsis mor-

bidity in the UK, we found that multiparity, caesarean section

and anaemia were all significant predictors of sepsis. These

are well-known risk factors and have also been identified in

other studies.17,18,45 As a result of the homogeneity of the

control population, we were unable to evaluate ethnicity, a

known risk factor for sepsis,18 in our regression model. How-

ever, given that there is very little ethnic variation in Aber-

deen, it was striking that approximately 8% of cases were of

non-white ethnic origin, whereas all controls were white.

Regarding anaemia, this condition can be caused by

blood loss during delivery or by sepsis itself. Given that

results of routine testing for antenatal anaemia are recorded

in the AMND and the proportion of anaemia also found in

the control population, it is very likely that these cases were

identified antenatally at booking or later. The association of

anaemia with sepsis was independent of mode of delivery

and blood loss, supporting other findings that anaemia is

an independent risk factor for sepsis, although the mecha-

nism of this association is not yet understood.

Preterm birth and labour induction, which we found to

be significantly associated with uncomplicated sepsis and

severe sepsis, respectively, have also been previously cited.18

Induction of labour has become common in obstetric prac-

tice. In both the UK and the USA, approximately one in

every five pregnant women has an induced labour,46,47 and

the associated maternal and fetal risks for further interven-

tion such as operative vaginal delivery and caesarean sec-

tion are being increasingly recognised.48 A national study

from the Netherlands found that induction of labour was

associated with a 5.2 relative risk of sepsis.18 This same

study found that preterm birth had a 10.3 relative risk of

sepsis.18 Our results seem to support these findings. Limit-

ing induction, therefore, to clearly indicated cases might be

predicted to impact on the incidence of sepsis.
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There were several limitations to this study. First, risk

factors identified for severe sepsis could only be interpreted

as exploratory because of a very small sample size; however,

they largely reflected uncomplicated sepsis risk factors. Sec-

ond, sources of infection and causative organisms were

beyond the scope of the data used for this study. Third, we

were unable to definitively ascertain the temporality of

antibiotic usage in relation to mode of delivery or placental

removal, but it is likely that women with sepsis mostly

received treatment antibiotics for sepsis, whereas control

women received prophylactic or early-stage treatment anti-

biotics. Similarly, we were unable to comment on the tem-

porality of preterm birth and other factors, e.g. mode of

delivery, as either a risk factor or an outcome of infectious

morbidity, although our findings and those from other

studies indicate that they are clearly associated with mater-

nal sepsis. Lastly, because this study was geographically

limited to one area of the UK, elements that are unique to

this population, such as ethnicity, may not be representa-

tive of the wider UK population.

Despite these limitations, the findings from this study

point to several implications for clinical practice. First, this

study underscores the need for prophylactic antibiotics at

caesarean section. The fact that there was much higher

antibiotic usage among control women who had a caesar-

ean section before discharge compared with women with

sepsis, supports the amplitude of evidence demonstrating

the efficacy of antibiotic prophylaxis at caesarean section.

Second, the association we observed between operative vag-

inal delivery and maternal sepsis should encourage strict

aseptic technique and infection control measures in clinical

practice. As the prevalence of sepsis among women under-

going operative vaginal delivery was still very low in this

study, a potential randomised clinical trial to investigate

whether prophylactic antibiotics offer protection does not

yet appear to be indicated. Further studies, however, should

evaluate operative vaginal delivery as a potential risk factor

for maternal sepsis. Lastly, obese pregnant women in the

UK may benefit from additional monitoring during and

after pregnancy to prevent critical infection leading to sep-

sis. Current Royal College of Obstetricians and Gynaecolo-

gists guidelines on the management of women with obesity

in pregnancy do not suggest additional monitoring.49 This

study and further research, however, may serve to empha-

sise the need for routine use of a modified early obstetric

warning score (MEOWS) chart, particularly among obese

and other high-risk women,3 to facilitate early detection of

any obstetric complication.

Conclusion

In this study we identify obesity as a significant risk factor

for maternal sepsis, in addition to younger maternal age,

operative vaginal delivery and other known risk factors

such as multiparity, anaemia, labour induction, caesarean

section and preterm birth. Women with sepsis who had a

caesarean section were less likely than controls to receive

antibiotics, highlighting the need for prophylaxis. The asso-

ciation we observed between operative vaginal delivery and

maternal sepsis emphasises the importance of strict aseptic

technique and infection control measures in clinical prac-

tice. The association between obesity and maternal sepsis is

also of clinical significance given the concurrent increase in

maternal obesity in the UK. This study, however, despite

using a large population database, had limited power to

investigate factors associated with severe maternal sepsis.

We therefore suggest further research, including a national

prospective cohort study, to comprehensively evaluate the

magnitude of severe maternal sepsis morbidity, and to vali-

date the risk factors identified in this study.
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Purpose of review

Despite global progress towards reducing maternal mortality, sepsis remains a leading cause of
preventable maternal death. This review focuses on current measurement challenges, trends, causes and
efforts to curb maternal death from sepsis in high and low-income countries.

Recent findings

Under-reporting using routine registration data, compounded by misclassification and unreported deaths,
results in significant underestimation of the burden of maternal death from sepsis. In the UK and the
Netherlands the recent increase in maternal death from sepsis is mainly attributed to an increase in
invasive group A streptococcal infections. Susceptibility to infection may be complicated by modulation
of maternal immune response and increasing rates of risk factors such as caesarean section and obesity.
Failure to recognize severity of infection is a major universal risk factor. Standardized Surviving Sepsis
Campaign (SSC) recommendations for management of severe maternal sepsis are continuing to be
implemented worldwide; however, outcomes differ according to models of intensive care resourcing
and use.

Summary

The need for robust data with subsequent analyses is apparent. This will significantly increase our
understanding of risk factors and their causal pathways, which are critical to informing effective treatment
strategies in consideration of resource availability.

Keywords

genital-tract sepsis, group A streptococcus, maternal mortality, maternal sepsis
INTRODUCTION

Sepsis is an overwhelming systemic inflammatory
reaction towards an infection of sterile tissue. It can
have an insidious onset and progresses along a
spectrum of severity until death in the worst cases.
Decades after the development of effective low-cost
antibiotics, sepsis remains a leading cause of
preventable maternal death worldwide. Particularly
in settings where the greatest barrier to intervention
is poverty, maternal death from sepsis is a continu-
ing representation of maternal health inequality.
In high-income settings maternal death from sepsis
is rare, although there has also been a noted recent
increase in several countries, which raises concern
at all levels. This article reviews the measurement
issues, trends and causes currently underlying this
important challenge to maternal health.
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DEFINITIONS AND ISSUE OF UNDER-
REPORTING

There are several challenges in defining maternal
mortality from sepsis, which lead to under-
reporting. One of these challenges is the differing
illiams & Wilkins. Unau
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of two international definitions for puerperal
or postpartum sepsis (Fig. 1) [1,2]. Vital statistics
(registration) systems use the International Classifi-
cation of Diseases (ICD-10) definition, whereas
maternal death reviews or confidential enquiries
into maternal deaths generally use the latter WHO
definition. Although recommending a different
definition, WHO global estimates and reports must
rely on country vital registration data, which use
ICD-10.

In a recent study on the use of maternal
mortality data for monitoring trends over time in
the European Union, Bouvier-Colle et al. [3

&&

] found
that there is significant under-reporting of maternal
deaths using routine registration data. Other studies
have reported similar findings [4–7]. Maternal death
thorized reproduction of this article is prohibited.
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KEY POINTS

� Under-reporting leads to underestimation of the burden
of maternal death from sepsis.

� Invasive group A streptococcal infection underpins the
recent increase in maternal sepsis mortality; however,
immunomodulation and non-intrinsic risk factors also
play a role.

� Intensive care resourcing influences the efficacy of early
goal-directed therapy for severe sepsis.

� Robust international data are needed to inform effective
and resource-appropriate intervention strategies.

� Early recognition of sepsis is key to saving
mothers’ lives.

Maternal-fetal medicine
audits or confidential enquiries into maternal
deaths, which are more specific and in-depth than
vital statistics, are designed in part to address these
data challenges. Few countries, however, have such
systems in place. Currently only the UK, Finland,
France, the Netherlands, Slovenia, Australia and
South Africa supplement vital statistics data with
routine maternal death auditing [3

&&

].
In developing countries substantial under-

reporting of maternal deaths often occurs in areas
where the burden of maternal sepsis is the greatest
[8]. Many births and subsequent maternal deaths
in these countries take place at home or after
hospital discharge without postnatal follow-up
and thus go undocumented. In addition, the
discrepancy in determining the point after birth
opyright © Lippincott Williams & Wilkins. Unautho

ICD-10

A rise in temperature above 
38.0C (100.4F) sustained for 
more than 24h or recurring 
between the end of the first and
10th day after childbirth, 
miscarriage, or termination of 
pregnancy

SIRS

Two of the following:  
Temperature >38 or <3
Heart rate >90 beats/m
Respiratory rate >20 b
mmHg (4.3 kPa)            
White cell count:
>12000 cells/µl or <400
immature/band forms

Sepsis SIRS with infection

Severe 
sepsis

Sepsis associated with
hypoperfusion or hypo
and perfusion abnorm
not limited to, lactic ac
alteration in mental sta

Septic 
shock

Sepsis associated with
adequate fluid resusci
presence of perfusion
severe sepsis. Patient
vasopressor agents m
the time that perfusion
measured

Definitions Clinical criteria*

Infection of the genital tract 
occurring at any time between 
the onset of rupture of 
membranes or labour and the 
42nd day postpartum in which 
fever and one or more of the 
following are present: pelvic 
pain, abnormal vaginal 
discharge, abnormal smell/foul 
odour of discharge and delay in 
the rate of reduction of the size 
of the uterus

WHO

FIGURE 1. International definitions, clinical criteria and comm
Physicians and the Society of Critical Care Medicine definitions [2
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at which a sepsis death may be related to the
birth is particularly problematic. Adding to this
challenge is the misclassification of maternal deaths
in countries with a high prevalence of endemic
diseases such as HIV, malaria and tuberculosis.
In mothers with comorbid diseases that are not
unique to pregnancy, it is often unclear if the cause
of death should be classified according to the under-
lying disease (indirect cause) or sepsis (direct cause).

This issue of direct versus indirect classification
of maternal sepsis death is one faced by all reporting
systems. Currently the focus of direct causes of
maternal death from sepsis is the genital tract. How-
ever, the total burden of maternal sepsis including
other foci of infection, such as the respiratory
tract, is much larger. Thus, as our understanding
of maternal immune function and host–pathogen
interactions evolve, so too will the challenge of
how we classify maternal sepsis deaths. Whilst this
review focuses solely on maternal deaths related
to genital tract sepsis, some studies are already
beginning to adopt more general definitions which
include both genital tract sepsis and sepsis arising
from other sources but occurring in pregnancy or
postpartum (Acosta et al., unpublished data) [9].
RATES AND TRENDS

With an understanding of the biases and challenges
that result in under-reporting, sepsis is still a leading
cause of preventable maternal death in both high
and low-income countries. Sepsis is estimated
to account for 10% of maternal deaths worldwide,
with the greatest burden in Southeast Asia and
rized reproduction of this article is prohibited.

Common causative organisms

                                                  
6C                                                  
in                                                 

reaths/min or PaCO2<32 
                                          

0 cells/µl or 10% 

Gram-
positive

Streptococcus: groups A, B, D
Streptococcus pneumoniae
Staphylococcus aureus

 organ dysfunction,
tension. Hypoperfusion 
alities may include, but are 
idosis, oliguria or an acute 
tus

 hypotension, despite 
tation along with the 
 abnormalities as listed for 
s who are on inotropic or 
ay not be hypotensive at 
 abnormalities are 

Anaerobes Clostridium spp.

Escherichia coli
Klebsiella pneumoniae 
Pseudomonas aeruginosa 
Acinetobacter spp.

Gram-
negative
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Africa. In these regions, sepsis accounts for 13.2 and
10% of maternal deaths, respectively [10]. Sadly,
the estimated rates in many sub-Saharan African
countries are higher than those of the pre-antibiotic
era in western countries (Fig. 2) [9,11–14]. The
proportion of maternal deaths from sepsis reported
by recent hospital-based (nonpopulation-based)
studies in the region range from 7.1 to 19.8%
[15–19]. The most robust data from this region,
however, come from the Confidential Enquiries
into Maternal Deaths in South Africa. During the
most recent measurement period (2008–2010), the
institutional maternal mortality rate (MMR) due to
genital tract sepsis was 9.34 per 100 000 live births;
14.6% of direct maternal deaths were from sepsis,
of which the majority (71.4%) were found to be
avoidable [20

&

]. Notably, the total MMR including
home births for South Africa has been estimated to
be 1.8–3.6 times higher than the institutional rate
[20

&

,21].
Overall, global rates of sepsis maternal mortality

have decreased as progress has been made towards
Millennium Development Goal-5 (MDG-5: to
reduce the MMR by three quarters between 1990
and 2015, and to achieve universal access to
reproductive health by 2015) [10,22]. However, with
progress come challenges, and most developing
world regions remain far off track target rates.
In an important review of health system infection
control measures in developing countries, Hussein
Copyright © Lippincott Williams & Wilkins. Unau
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et al. [23
&&

] highlight the delicate balance that
exists between providing skilled obstetric care as
the most effective means of decreasing maternal
mortality, and the increased need for vigilant
infection control measures as the provision of
institutionalized birth settings increases. Many
developing countries are at a transitional point in
which more women than ever before are delivering
in healthcare facilities. As tragically experienced
by western countries until the early 20th century,
despite knowledge of infection transmission,
sepsis epidemics swept through maternity wards
as a result of birth attendants treating many women
consecutively without proper aseptic techniques.
In resource-poor settings, where the number of
skilled birth attendants is still severely limited as
are medical supplies, this context may be of current
concern as well.

In Europe and the USA, sepsis was the number
one cause of maternal mortality in the 18th and
19th centuries [11]. However, with the advent of
broad-spectrum antibiotics in the mid-20th century,
the incidence of maternal death from sepsis dropped
to less than one per 100 000 maternities per year in
several European countries. In contrast to this trend
and the global decline in maternal sepsis mortality,
the UK has experienced an increase in incidence
with a near tripling over the past two decades
(Fig. 3a) [24,25]. In the late 1980s the sepsis MMR
was 0.4 per 100 000 maternities, whereas in the
thorized reproduction of this article is prohibited.
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period from 2006 to 2008 the MMR increased to
1.13 per 100 000 [9]. This rate places sepsis as the
leading cause of direct maternal death in the UK,
surpassing that of hypertensive disorders. In the
Netherlands, the sepsis MMR has also increased,
but to a lesser degree than in the UK; from 0.5 per
100 000 live births (1983–1992) to 0.7 per 100 000
(1993–2006) [26,27]. Maternal mortality is an
important indicator of healthcare system perform-
ance [28] in both high and low-income countries.
As such, even a small increase in the maternal
mortality rate may represent a greater magnitude
of severe morbidity and challenges to the overall
system of care.

On the basis of current literature, it does
not appear that this trend is consistent across
opyright © Lippincott Williams & Wilkins. Unautho
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high-income countries; however, significantly more
international data will be needed to make a valid
determination. In France the sepsis MMR has
decreased steadily since 1996 [29,30]. In Australia
as well, the rate of maternal death from sepsis is very
low with only one reported death in the most
recent confidential enquiry [31]. Maternal death
from infection also appears to have decreased in
the USA [32–34]. However, there has been a signifi-
cant rise in the overall MMR in the USA since the
mid-2000s which is greater than would be explained
by administrative data changes [35]. As there have
been no national published surveillance reports
in the USA since this period, it will be critical to
ascertain in future studies whether sepsis rates have
followed this overall trend.
rized reproduction of this article is prohibited.

Volume 25 � Number 2 � April 2013



Sepsis and maternal mortality Acosta and Knight
CAUSES
So what has caused the increase in the UK? The
answer is almost certainly multifaceted, but not
yet entirely clear. One of the most important factors
has been the increased incidence and severity of
sepsis in the general population, which has occurred
both in Europe [36,37] and the USA [38–40]. This is
mainly attributed to an increase in invasive strepto-
coccal infections [41–43] (Fig. 3b) and an emergence
of hypervirulent strains of Gram-positive Streptococ-
cus pyogenes or group A streptococcus (GAS) [44].
(Causative organisms of maternal sepsis are listed in
Fig. 1.) Historically, epidemics of maternal sepsis
(childbed fever) were caused by GAS infection
[11]. The incidence radically declined after the
introduction of penicillin in the 1940s; however,
over the past two decades it has re-emerged inter-
nationally as a dominant causative organism.
Most recently, GAS was the cause of 45% of direct
maternal deaths from genital tract sepsis in the UK
[9].

Group A streptococcus can cause a variety
of clinical diseases including (but not limited to)
pharyngitis, scarlet fever and genital tract sepsis.
The natural reservoir of GAS is the human naso-
pharynx and it is most commonly transmitted
during seasonal influenza periods on aerosolized
droplets. It can metastasize through bacteraemia
and can cross intact membranes, which is an
important factor in genital tract colonization. Thus,
genital tract infection can occur directly through
improper hand hygiene with subsequent contami-
nation of the perineum, or secondarily via a site of
skin breakage, or initial infection elsewhere such as
the respiratory tract. Approximately 5–30% of
the population are asymptomatic carriers of the
organism [45], and it is not fully understood what
causes virulence or focus of infection.

Genetically, GAS strains can be classified accord-
ing to genotype, of which there appears to be a
predominance of genotype emm28 among women
with genital tract sepsis; approximately one-third of
cases are caused by emm28 strains. In contrast emm1
strains predominate in GAS pharyngitis [46,47].
Perplexingly, there is no genotype that consistently
causes a particular infection. In a recent review of
new understandings of GAS, Lynskey et al. [48

&

]
discuss the increase in mortality associated with
emm1, which has remained prevalent in the UK
for the past 25 years. Whereas there is an association
between emm28 and maternal sepsis, it appears that
emm1 is more strongly associated with maternal
mortality [48

&

].
Another determinant potentially contributing

to the rise in maternal mortality in the UK is the
increase in risk factors such as caesarean section and
Copyright © Lippincott Williams & Wilkins. Unau
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obesity [49,50,51
&

]. Therefore, as invasive GAS
infection, sepsis and maternal risk factors increase
around the world, the UK experience is pressingly
relevant to prevention strategies in other settings.
IMMUNOLOGY, PHYSIOLOGY AND RISK
FACTORS

Pregnant and peripartum women are an intrinsically
vulnerable population due to immunological
and physiological factors, which compound the
underlying pathogenesis of an invasive infection.
During pregnancy, the maternal immune response
is down-regulated to protect the immunologically
distinct foetus from maternal inflammatory
response [52,53,54

&

]. As such, there is a reduction
in cell-mediated immunity (T-cell proliferation),
which plays an important role in immune response
to pathogens. Onset of labour also disrupts crucial
physiological barriers against bacterial infection
[55]. Likewise, after caesarean section a woman is
at much higher risk of exposure to pathogens at
the surgical site and in the endometrium. Lastly,
pregnant and peripartum women often present
with symptoms of systemic inflammatory response
syndrome (SIRS) as a result of ruptured membranes
and changing biochemistry commensurate with
labour, even without the presence of an infection.
Since SIRS is also a biomarker of sepsis (Fig. 1), a
serious infection can often be masked.

Several non-intrinsic factors also appear to play
a role in the risk of severe sepsis. Determining
risk factors for maternal sepsis mortality, however,
is surprisingly difficult. This is mainly because,
fortunately, few deaths occur where there are
resources to accurately measure risk (countries with
maternal death reviews), rendering studies insuffi-
ciently powered to draw a conclusion. In high-
income countries, assessing factors associated
with severe morbidity [‘near miss’ or serious acute
maternal morbidity (SAMM)] has become a valuable
method for developing intervention strategies
‘upstream’ of a sentinel event. The UK Obstetric
Surveillance System (UKOSS) has just completed a
prospective national case-control study of women
who had severe sepsis in all maternity units in the
UK from 2011 to 2012 [56]. Forthcoming results of
that study will give a key indication of the risk
factors and causative organisms underlying severe
maternal sepsis morbidity in a developed nation.
Risk factors identified thus far in other high-income
countries are summarized in Fig. 4. The causal path-
ways and interactions of many of these factors,
however, are poorly understood.

In high-income countries, caesarean section has
repeatedly been shown to be a major risk factor for
thorized reproduction of this article is prohibited.
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High-income countries

Caesarean section
Emergency caesarean section   
Prolonged rupture of membranes
Retained products of conception
Early labour
Multiple vaginal examinations (>5)
Obesity
Diabetes
Anaemia
Low socioeconomic status
Winter months
Failure to recognize severity

Low-income countries

Poverty
Unhygienic birth conditions
Lack of skilled birth assistants
Long distance to healthcare facility
Unavailable medical supplies
Young age
Primiparity
Anaemia
HIV, Tuberculosis, Malaria
Failure to recognize severity

FIGURE 4. Risk factors for severe maternal morbidity and
mortality from sepsis.
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severe infectious morbidity [57,58]. Compared to
women who have a vaginal birth, women who have
a caesarean section have a five to 20-fold greater risk
for severe infection such as endometritis or wound
infection [59]. Obesity is also a significant emerging
factor [12,51

&

,60
&

]. Obesity is known to be immuno-
suppressive [61–64], although the effect of it
superimposed onto the immunomodulated state
of pregnancy is unclear, and will be an important
area of future understanding. Strikingly, and in
contrast to other factors, the rates of both caesarean
section and obesity have increased dramatically
worldwide in recent decades [59,65–67].

In developing countries, poverty is the single
most important and overarching determinant of
maternal mortality from sepsis. Related to this are
the more proximal factors of unhygienic birth
conditions, delivery without birth assistants, long
distance to healthcare facility and lack of availability
of antibiotics/medical supplies (Fig. 4) [68,69].
In addition, immunosuppression due to HIV/AIDS
compounded by opportunistic infections such as
tuberculosis greatly increase the risk of severe post-
partum infections [57,68,70].

Critically, in both high and low-income
countries, failure to recognize the severity of
an infection by mothers, family members, birth
attendants and hospital staff is a common avoidable
factor [9,20

&

,71].
WHAT IS BEING DONE?

In light of the worldwide increase in sepsis inci-
dence, the Surviving Sepsis Campaign (SSC) was
opyright © Lippincott Williams & Wilkins. Unautho
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launched in 2002 as a major international initiative
to provide standardized evidence-based recommen-
dations for the management of severe sepsis, includ-
ing intervention bundles for early goal directed
therapy [72]. Numerous articles and guidelines have
recently reviewed the SSC bundles as well as critical
factors in clinical presentation and diagnosis of
maternal sepsis [9,55,57,60

&

,69,73–76]. Currently,
the ‘resuscitation bundle’ and ‘management
bundle’ are recommended for obstetric patients in
the UK [77]. In an important recent study, Levy et al.
[78

&&

] present the findings of a prospective multi-
national cohort study on the outcomes of the SSC in
ICUs in the USA and Europe. The authors identified
differences in the models of intensive care resourc-
ing and use. Their findings suggest greater early
direct referral to intensive care in the USA, com-
pared with greater expert care once admitted to
intensive care in Europe. Additionally, although
clinical care was delivered expeditiously in Europe,
patients reached intensive care later, and were
therefore sicker as indicated by higher unadjusted
mortality rates. Although this study was not specific
to maternal outcomes, the findings have significant
bearing on obstetric care as well.

In low-resource settings it has been observed
that SSC early goal directed therapy is often started
long after initial diagnosis as a result of late referral
and shortage of intensive care beds, which critically
impact the efficacy of early goal directed therapy
[79]. A subsequent proposal is that emphasis
on improving access to skilled professional care
(as outlined by MDG-5) with accurate and early
assessment associated with general measures such
as hydration, blood cultures, and antibiotics would
obviate the need for frequent provision of early goal
directed therapy, and thereby be more cost-effective
[79,80]. Whether in high or low-resource settings,
a ubiquitous key message across all efforts is
that maternal mortality from sepsis is preventable,
and early recognition is vital to achieving that
outcome.
CONCLUSION

Despite the reality of under-reporting, sepsis
remains a leading cause of preventable maternal
death worldwide. The need for robust data and
subsequent analysis in both high and low-income
countries is apparent, and will significantly increase
our understanding of risk factors and causal path-
ways with a view to effective treatment strategies.
The clarity that this research will continue to bring,
however, is only of value if co-opted with early
recognition and management of sepsis, which is
key to saving mothers’ lives.
rized reproduction of this article is prohibited.

Volume 25 � Number 2 � April 2013



Sepsis and maternal mortality Acosta and Knight
Acknowledgements

None.

Conflicts of interest

Disclosure of Interests: None to declare.
Disclosure of Funding: This work was funded by the
National Institute for Health Research (NIHR) under
its Programme Grants for Applied Research Programme
(Grant Reference RP-PG-0608-10038). The views
expressed are those of the author(s) and not necessarily
those of the NHS, the NIHR or the Department of Health.
REFERENCES AND RECOMMENDED
READING
Papers of particular interest, published within the annual period of review, have
been highlighted as:

& of special interest
&& of outstanding interest

Additional references related to this topic can also be found in the Current
World Literature section in this issue (p. 158).

1. The prevention and management of puerperal infections. Geneva: WHO;
1992.

2. Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and organ failure and
guidelines for the use of innovative therapies in sepsis. The ACCP/SCCM
Consensus Conference Committee. American College of Chest Physicians/
Society of Critical Care Medicine. Chest 1992; 101:1644–1655.

3.
&&

Bouvier-Colle M-H, Mohangoo AD, Gissler M, et al., Euro-Peristat Scientific
Committee. What about the mothers? An analysis of maternal mortality and
morbidity in perinatal health surveillance systems in Europe. BJOG 2012;
119:880–889; discussion 890.

This study finds significant under-reporting of maternal deaths using routine
registration data across Europe. The implication of this work is that more robust
reporting systems, such as maternal death reviews, are needed for international
comparison and for monitoring trends over time.
4. Turner LA, Cyr M, Kinch RA, et al. Under-reporting of maternal mortality in

Canada: a question of definition. Chronic Dis Can 2002; 23:22–30.
5. Gissler M, Kauppila R, Meriläinen J, et al. Pregnancy-associated deaths

in Finland 1987-1994: definition problems and benefits of record linkage.
Acta Obstet Gynecol Scand 1997; 76:651–657.

6. Deneux-Tharaux C, Berg C, Bouvier-Colle M-H, et al. Underreporting of
pregnancy-related mortality in the United States and Europe. Obstet Gynecol
2005; 106:684–692.

7. Donati S, Senatore S, Ronconi A. Maternal mortality in Italy: a record-linkage
study. BJOG 2011; 118:872–879.

8. What you count is what you target: the implications of maternal death
classification for tracking progress towards reducing maternal mortality in
developing countries. Bulletin of the World Health Organization 2010;
88:147–153.

9. Cantwell R, Clutton-Brock T, Cooper G, et al. Saving mothers’ lives: reviewing
maternal deaths to make motherhood safer: The Eighth Report of the
Confidential Enquiries into Maternal Deaths in the United Kingdom. BJOG
2011; 118 (Suppl 1):1–203.

10. Global Burden of Disease (GBD): 2008 Update. Geneva: WHO; 2011.
11. Loudon I. The tragedy of childbed fever. 1st ed. USA: Oxford University Press;

2000.
12. Confidential Enquiry into Maternal and Child Health CEMACH. Saving

mothers’ lives: reviewing maternal deaths to make motherhood safer:
2003–2005: the seventh report of the Confidential Enquiries into Maternal
Deaths in the United Kingdom. London: CEMACH; 2008.

13. Khan KS, Wojdyla D, Say L, et al. WHO analysis of causes of maternal death:
a systematic review. Lancet 2006; 367:1066–1074.

14. Maternal Mortality in 2005. WHO, UNICEF, UNFPA and The World Bank;
2008.

15. Menéndez C, Romagosa C, Ismail MR, et al. An autopsy study of maternal
mortality in Mozambique: the contribution of infectious diseases. PLoS Med
2008; 5:e44.

16. van den Akker T, de Vroome S, Mwagomba B, et al. Peripartum infections
and associated maternal mortality in rural Malawi. Obstet Gynecol 2011;
118:266–272.

17. Wandabwa JN, Doyle P, Longo-Mbenza B, et al. Human immunodeficiency
virus and AIDS and other important predictors of maternal mortality in Mulago
Hospital Complex Kampala Uganda. BMC Public Health 2011; 11:565.

18. Gumanga SK, Kolbila DZ, Gandau BBN, et al. Trends in maternal mortality
in Tamale Teaching Hospital. Ghana Ghana Med J 2011; 45:105–110.
Copyright © Lippincott Williams & Wilkins. Unau

1040-872X � 2013 Wolters Kluwer Health | Lippincott Williams & Wilki
19. Lee QYQ, Odoi ATA, Opare-Addo HH, Dassah ETE. Maternal mortality in
Ghana: a hospital-based review. Acta Obstet Gynecol Scand 2012; 91:
87–92.

20.
&

Saving Mothers 2008–2010: Fifth Report on Confidential Enquiries into
Maternal Deaths in South Africa. National Committee for the Confidential
Enquiries into Maternal Deaths; 2012.

This work represents the most current and comprehensive analysis using robust
data of institutional maternal deaths in South Africa.
21. Pattinson RC, editor. Saving mothers 2005–2007: Fourth Report on

Confidential Enquiries into Maternal Deaths in South Africa. National Com-
mittee for the Confidential Enquiries into Maternal Deaths; 2011.

22. Musgrove PP. Investing in health: the 1993 World Development Report of the
World Bank. Bull Pan Am Health Organ 1993; 27:284–286.

23.
&&

Hussein J, Mavalankar DV, Sharma S, D’Ambruoso L. A review of health
system infection control measures in developing countries: what can be
learned to reduce maternal mortality. Global Health 2011; 7:14.

This article reviews health system infection control measures of labour and delivery
units in low-income countries. This work highlights the need for vigilant infection
control measures in low-resource settings as the use of health facilities for labour
and delivery care increases.
24. Pyogenic and nonpyogenic streptococcal bacteraemia, England, Wales

and Northern Ireland: Health Protection Report [Serial Online]. London:
Health Protection Agency (HPA).

25. Office for National Statistics: Maternities. Birth Summary Tables - England
and Wales, 2011 (Final), October 2012; tcm77-270753: Table 1.

26. Kramer HMC, Schutte JM, Zwart JJ, et al. Maternal mortality and severe
morbidity from sepsis in the Netherlands. Acta Obstet Gynecol Scand 2009;
88:647–653.

27. Schutte JM, Steegers EAP, Schuitemaker NWE, et al. Netherlands Maternal
Mortality Committee. Rise in maternal mortality in the Netherlands. BJOG
2010; 117:399–406.

28. Wildman K, Bouvier-Colle M-H, MOMS Group. Maternal mortality as
an indicator of obstetric care in Europe. BJOG 2004; 111:164–169.

29. Bouvier-Colle M-H, Saucedo MM, Deneux-Tharaux CC. [The confidential
enquiries into maternal deaths 2006 in France: what consequences for the
obstetrical care?]. J Gynecol Obstet Biol Reprod (Paris) 2011; 40:87–102.

30. Benhamou D, Chassard D, Mercier FJ, Bouvier-Colle M-H. Le rapport 2003-
2005 sur la mortalite maternelle au Royaume-Uni: commentaires et com-
paraison aux donnees francaises. Ann Fr Anesth Reanim 2009; 28:6–16.

31. Sullivan EA, Hall B, King JF. Maternal deaths in Australia 2003–2005. AIHW
National Perinatal Statistics Unit 2008; 1–51.

32. Chang J, Elam-Evans LD, Berg CJ, et al. Pregnancy-related mortality surveil-
lance: United States, 1991–1999. MMWR Surveill Summ 2003; 52:1–8.

33. Berg CJ, Chang J, Callaghan WM, Whitehead SJ. Pregnancy-related mortality
in the United States, 1991–1997. Obstet Gynecol 2003; 101:289–296.

34. Berg CJ, Callaghan WM, Syverson C, Henderson Z. Pregnancy-related
mortality in the United States, 1998 to 2005. Obstet Gynecol 2010; 116:
1302–1309.

35. Main EK. Maternal mortality: new strategies for measurement and prevention.
Curr Opin Obstet Gynecol 2010; 22:511–516.

36. Padkin A, Goldfrad C, Brady AR, Young D. Epidemiology of severe sepsis
occurring in the first 24 hrs in intensive care units in England, Wales, and
Northern Ireland. Crit Care Med 2003; 31:2332–2338.

37. Vincent J-L, Rello J, Marshall J, et al. EPIC II Group of Investigators.
International study of the prevalence and outcomes of infection in intensive
care units. J Am Med Assoc 2009; 302:2323–2329.

38. Martin GS, Mannino DM, Eaton S, Moss M. The epidemiology of sepsis in the
United States from 1979 through 2000. N Engl J Med 2003; 348:1546–
1554.

39. Esper A, Martin GS. Is severe sepsis increasing in incidence AND severity?
Crit Care Med 2007; 35:1414–1415.

40. Dombrovskiy VY, Martin AA, Sunderram J, Paz HL. Rapid increase in
hospitalization and mortality rates for severe sepsis in the United States: a
trend analysis from 1993 to 2003. Crit Care Med 2007; 35:1244–1250.

41. Zakikhany K, Degail MA, Lamagni T, et al. Increase in invasive Streptococcus
pyogenes and Streptococcus pneumoniae infections in England, December
2010 to January 2011. Euro Surveill 2011; 16:19785.

42. Carapetis JR, Steer AC, Mulholland EK, Weber M. The global burden of group
A streptococcal diseases. Lancet Infect Dis 2005; 5:685–694.

43. Lamagni TL, Efstratiou A, Dennis J, et al., National Incident Management
Team. Increase in invasive group A streptococcal infections in England,
Wales and Northern Ireland, 2008–9. Euro Surveill 2009; 14.

44. Aziz RK, Kotb M. Rise and persistence of global M1T1 clone of Streptococcus
pyogenes. Emerg Infect Dis 2008; 14:1511–1517.

45. Health Protection Agency, Group A Streptococcus Working Group. Interim
UK guidelines for management of close community contacts of invasive group
A streptococcal disease. Commun Dis Public Health 2004; 7:354–361.

46. Luca-Harari B, Ekelund K, van der Linden M, et al. Clinical and epidemiological
aspects of invasive Streptococcus pyogenes infections in Denmark during
2003 and 2004. J Clin Microbiol 2008; 46:79–86.

47. Luca-Harari B, Darenberg J, Neal S, et al., Strep-EURO Study Group, Jasir A.
Clinical and microbiological characteristics of severe Streptococcus
pyogenes disease in Europe. J Clin Microbiol 2009; 47:1155–1165.
thorized reproduction of this article is prohibited.

ns www.co-obgyn.com 115



C

Maternal-fetal medicine
48.
&

Lynskey NNN, Lawrenson RAR, Sriskandan SS. New understandings in
Streptococcus pyogenes. Curr Opin Infect Dis 2011; 24:196–202.

This study represents a significant review of new research into the molecular biology
of virulence factors underpinning invasive group A streptococcal infections.
49. Waterstone M, Bewley S, Wolfe C. Incidence and predictors of severe

obstetric morbidity: case-control study. Br Med J 2001; 322:1089–1093;
discussion1093-4.

50. Brace V, Penney G, Hall M. Quantifying severe maternal morbidity: a Scottish
population study. BJOG 2004; 111:481–484.

51.
&

Acosta CD, Bhattacharya S, Tuffnell D, et al. Maternal sepsis: a Scottish
population-based case-control study. BJOG 2012; 119:474–483.

This study represents the most recent study of risk factors for maternal sepsis
morbidity in a high-resource setting, and the first population-based study to
demonstrate an association between obesity and the risk of maternal sepsis
independent of mode of delivery.
52. Mor G, Cardenas I. The immune system in pregnancy: a unique complexity.

Am J Reprod Immunol 2010; 63:425–433.
53. Mor G, Cardenas I, Abrahams V, Guller S. Inflammation and pregnancy: the

role of the immune system at the implantation site. Ann N Y Acad Sci 2011;
1221:80–87.

54.
&

Mason KLK, Aronoff DMD. Postpartum group a Streptococcus sepsis and
maternal immunology. Am J Reprod Immunol 2012; 67:91–100.

This review provides a comprehensive summary of current understandings of
epidemiological, host, and microbial factors that contribute to the increased
susceptibility of peripartum women to group A streptococcal infection.
55. Paruk F. Infection in obstetric critical care. Best Pract Res Clin Obstet

Gynaecol 2008; 22:865–883.
56. UKOSS: Severe Maternal Sepsis. National Perinatal Epidemiology Unit

(NPEU).
57. Maharaj D. Puerperal pyrexia: a review. Part I. Obstet Gynecol Surv 2007;

62:393–399.
58. Leth RA, Møller JK, Thomsen RW, et al. Risk of selected postpartum infections

after cesarean section compared with vaginal birth: a five-year cohort study of
32 468 women. Acta Obstet Gynecol Scand 2009; 88:976–983.

59. Smaill FMF, Gyte GMG. Antibiotic prophylaxis versus no prophylaxis for
preventing infection after cesarean section. Cochrane Database Syst Rev
2010; CD0074822.

60.
&

Lucas DN, Robinson PN, Nel MR. Sepsis in obstetrics and the role of the
anaesthetist. Int J Obstet Anesth 2012; 21:56–67.

This study represents a comprehensive clinical review of severe maternal sepsis
and current management guidelines.
61. Huttunen R, Syrjänen J. Obesity and the outcome of infection. Lancet Infect

Dis 2010; 10:442–443.
62. Nave H, Beutel G, Kielstein JT. Obesity-related immunodeficiency in patients

with pandemic influenza H1N1. Lancet Infect Dis 2011; 11:14–15.
63. Huttunen R, Syrjänen J. Obesity and the risk and outcome of infection.

Int J Obes (Lond) 2012. [Epub ahead of print]
opyright © Lippincott Williams & Wilkins. Unautho

116 www.co-obgyn.com
64. Karlsson EA, Beck MA. The burden of obesity on infectious disease. Exp Biol
Med (Maywood) 2010; 235:1412–1424.

65. Lu GC, Rouse DJ, DuBard M, et al. The effect of the increasing prevalence of
maternal obesity on perinatal morbidity. Am J Obstet Gynecol 2001; 185:
845–849.

66. Knight M, Kurinczuk JJ, Spark P, Brocklehurst P, System UOS. Extreme
obesity in pregnancy in the United Kingdom. Obstet Gynecol 2010; 115:
989–997.

67. Thomas J. Rates of cesarean delivery in developing countries suggest unequal
access. Int Fam Planning Perspect 2006; 32:105.

68. Ronsmans C, Graham WJ. Maternal mortality: who, when, where, and why.
Lancet 2006; 368:1189–1200.

69. Sriskandan S. Severe peripartum sepsis. J R Coll Physicians Edinb 2011;
41:339–346.

70. Björklund K, Mutyaba T, Nabunya E, Mirembe F. Incidence of postcesarean
infections in relation to HIV status in a setting with limited resources.
Acta Obstet Gynecol Scand 2005; 84:967–971.

71. Appelboam R, Tilley R, Blackburn J. Time to antibiotics in sepsis. Crit Care
2010; 14 (Suppl 1):1.

72. Levy MM, Dellinger RP, Townsend SR, et al. The Surviving Sepsis Campaign:
results of an international guideline-based performance improvement program
targeting severe sepsis. Crit Care Med 2010; 38:367–374.

73. van Dillen J, Zwart J, Schutte J, van Roosmalen J. Maternal sepsis: epide-
miology, etiology and outcome. Curr Opin Infect Dis 2010; 23:249–254.

74. Bacterial Sepsis in Pregnancy: Green-top Guideline No. 64a. London: Royal
College of Obstetricians and Gynaecologists (RCOG); 2012.

75. Bacterial Sepsis Following Pregnancy: Green-top Guideline No. 64b.
London: Royal College of Obstetricians and Gynaecologists (RCOG);
2012.

76. Barton JR, Sibai BM. Severe sepsis and septic shock in pregnancy. Obstet
Gynecol 2012; 120:689–706.

77. Maternal Collapse in Pregnancy and the Puerperium: Green-top guideline No.
56. London: Royal College of Obstetricians and Gynaecologists (RCOG);
2011.

78.
&&

Levy MM, Artigas A, Phillips GS, et al. Outcomes of the Surviving Sepsis
Campaign in intensive care units in the USA and Europe: a prospective cohort
study. Lancet Infect Dis 2012; 12:919–924.

This important recent study identifies differences in outcomes, between Europe
and the USA, among patients with severe sepsis and septic shock managed in
ICUs using the Surviving Sepsis Campaign intervention bundles. The implication of
this study is that differences in the models of intensive care resourcing and use may
play a role in these outcomes.
79. Bozza FA, Salluh JI. An urban perspective on sepsis in developing countries.

Lancet Infect Dis 2010; 10:290–291.
80. Ho BCH, Bellomo R, McGain F, et al. The incidence and outcome of septic

shock patients in the absence of early-goal directed therapy. Crit Care 2006;
10:R80.
rized reproduction of this article is prohibited.

Volume 25 � Number 2 � April 2013



ARTICLE

Evolving microbiological epidemiology and high fetal mortality
in 135 cases of bacteremia during pregnancy and postpartum

L. Surgers & N. Valin & B. Carbonne & E. Bingen &

V. Lalande & J. Pacanowski & M.-C. Meyohas &

P.-M. Girard & J.-L. Meynard

Received: 13 June 2012 /Accepted: 2 August 2012 /Published online: 21 August 2012
# Springer-Verlag 2012

Abstract The outcome of bacterial bloodstream infections
during pregnancy has greatly improved over the last few
decades. However, there are no recent data on the character-
istics of bacteremia in pregnant women. The aim of this
study was to describe clinical and microbiological features
of bacteremia and to assess maternal and fetal outcome. This

retrospective study was conducted in the obstetrics depart-
ments of five teaching hospitals in Paris, France, from 2005
to 2009. The incidence of bacteremia was 0.3%. The most
common sources of bacteremia were chorioamnionitis
(47%) and the most common pathogen isolated was Escher-
ichia coli. Empirical antimicrobial therapy was inappropri-
ate in 29% of bacteremia cases, mostly (65%) when
secondary to infection with an aminopenicillin-resistant mi-
croorganism. Bacteremia during pregnancy was associated
with a 10% fetal mortality. Bacteremia during pregnancy is a
rare occurrence, but it is associated with an unexpectedly
poor fetal outcome and a high mortality rate.

Introduction

Bacterial infections in pregnancy are still associated with
significant obstetric morbidity and mortality, even in devel-
oped countries [1]. It is estimated that 9–15% of stillbirths
are associated with infections of bacterial or viral origin [2].
Hence, despite little interest in recent years, maternal infec-
tions remain a substantial clinical problem. The incidence of
bacteremia during pregnancy was estimated to be as high as
7.5 per 1,000 obstetric admissions by Blanco and colleagues
in the 1980s [3]. Over the past three decades, only a few
studies were published about bloodstream infections during
pregnancy [3–6]. Very little is known about various aspects
of maternal bacteremia from the perspective of a changing
microbiological epidemiology and improved obstetrical
management. Moreover, there are no data available on the
consequences of maternal bacteremia on the fetus. We con-
ducted a retrospective, multicentric study in five teaching
hospitals in Paris over a 5-year period in order to assess the
current incidence and characteristics of bloodstream infec-
tions during pregnancy in order to potentially improve its
treatment.
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Patients and methods

Case definition

Patients with at least one positive blood culture detected
while consulting as an outpatient or hospitalized in the
obstetrics and gynecology unit in each of the five teaching
hospitals in Paris (Saint-Antoine, Trousseau, Tenon, Robert
Debré and Pitié-Salpêtrière Hospitals) between 1 January
2005 and 31 December 2009 were identified through their
respective microbiology laboratories. Throughout the study
period, in the case of fever (temperature up to 100.4°F) or
chills or fetal death, the routine clinical practice was to
analyze vaginal and urine samples for culture and to take a
venous blood sample for anaerobic and aerobic culture.
Patients underwent group B Streptococcus (GBS) vaginal
colonization screening during the third trimester and re-
ceived intrapartum prophylaxis in the case of carriage. In
the case of maternal fever and/or fetal tachycardia for over
1 h during labor, blood, vaginal, and urine samples were
analyzed for bacteriological culture and antibiotherapy with
an aminopenicillin was initiated.

Suitable cases were defined as follows:

1. One or more positive blood culture(s) obtained from a
patient while pregnant or up to 7 days postpartum

2. Blood cultures had to yield a pathogenic organism;
therefore, Staphylococcus epidermidis, Propionibacte-
rium spp., Micrococcus spp., Alcaligenes spp., Coryne-
bacterium spp. and Lactobacillus spp. were considered
to be contaminants

3. Medical records had to be available for review

Data collection and analyzed variables

The following data were obtained for each patient: demo-
graphic characteristics, underlying medical conditions, clin-
ical manifestations associated with the episode of
bacteremia, microbiological features (i.e. bacterial identifi-
cation and antimicrobial susceptibility testing results from
blood and other positive cultures obtained from various
sites) and materno-fetal outcome. Obesity was defined as a
body mass index over 30 kg/m2. The empirical antimicro-
bial treatment was also recorded and was considered appro-
priate if the microorganism was susceptible to the antibiotic
prescribed.

Bacteremia was classified according to gestational age at
occurrence: first trimester (before 15 weeks’ gestation),
second trimester (between 15 and 28 weeks’ gestation com-
pleted), third trimester (after 28 weeks’ gestation) and post-
partum. They were also classified according to the timing of
bacteremia in relation to delivery: antepartum, intrapartum
(for bacteremia occurring during labor or delivery) and

postpartum. Preterm delivery was defined as delivery before
37 weeks of amenorrhea.

For the purpose of this study, obstetricians and infectious
diseases specialists reviewed each patient’s medical record
conjointly. The attending physicians established the source
of bacteremia at the time of diagnosis through a careful
evaluation of potential sites of infection and if the blood
culture was positive with the same microorganism as in the
urine or amniotic fluid or vaginal sample. Chorioamnionitis
was defined as the presence of maternal fever associated
with either fetal or maternal tachycardia, uterine tenderness,
foul-smelling vaginal discharge or maternal leukocytosis
[7]. Diagnosis of acute pyelonephritis required the presence
of any of the following: fever, flank pain or urinary tract
symptoms. Endometritis was defined as a post-partum in-
fection presenting with fever and uterine pain [8].

Isolates were identified using standard techniques and
antimicrobial susceptibility was determined according to
the Clinical and Laboratory Standards Institute® guidelines.
Phylogenetic PCR grouping was performed on available
strains of E. coli using a previously described protocol [9].

In the case of premature rupture of the membranes over
12 h, fetal tachycardia or maternal fever occurring during
labor or clinically suspected sepsis, the newborns underwent
ear, gastric fluid and anal samples culture in order to identify
colonization.

Statistical analysis

Statistical analysis was performed using statistical software
Stata®8.2. Data were collected anonymously and presented
as a median ± standard deviation (SD) and as a percentage.
Risk factors associated with fetal mortality were analyzed
using the Chi-squared exact test and the Kruskal–Wallis test
for analysis of qualitative and quantitative variables
respectively.

Results

Study population

Three hundred and forty-seven patients with at least one
positive blood culture were identified (Fig. 1). Non-
pregnant patients (n063), women sampled more than 7 days
post-delivery (n05) and women with blood cultures positive
for microorganisms deemed contaminants (n0113, mostly
Staphylococcus epidermidis, n0104) were excluded. During
the study period, 59,491 women gave birth in the five
obstetrics and gynecology units. The incidence of bacter-
emia during pregnancy was 2.8 per 1,000 deliveries (n0
166). One hundred and thirty-five (80.3%) medical records
were available for review. Demographic characteristics of
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women and clinical features associated with bacteremia are
detailed in Table 1.

Clinical and biological features of bacteremia

Only 5% of patients had a temperature of less than 100.4°F. At
the time of the infection, mean C reactive protein (CRP) was
108 mg/L (range 1–550 mg/L) and mean white blood count
was 13.7 106/L (range 1.9–36.4 106/L). Bloodstream infec-
tions were more frequently associated with chorioamnionitis

(n063, 47%), acute pyelonephritis (n041, 30%) and endome-
tritis (n014, 10%; Table 2). Listeriosis was diagnosed in 5
cases (4%). The source of bacteremia was not identified in
only 6 cases.

Bacteremia was mainly diagnosed during the third trimes-
ter (n072, 53%). Five cases of bacteremia occurred in the first
trimester, 30 in the second trimester and 28 postpartum.

Bacteriological features of bacteremia

Blood cultures yielded mainly Gram-negative bacilli (64%,
n086) in which E. coli was the most frequently isolated
microorganism (n060, 44%; Table 3). Gram-positive cocci
were identified in 33 cases (24%). Anaerobes were identi-
fied in 8 cases (6%). Three patients had polymicrobial
bacteremia. Distribution of bacterial species differed signif-
icantly according to the gestational age of pregnancy at the
time of diagnosis. E. coli and other Enterobacteriaceae were
the most frequently identified pathogens in bacteremia at
each term of pregnancy. GBS and anaerobes were only
isolated in intrapartum bacteremia (n017, 22% and n06,
8% respectively) and postpartum bacteremia (n02, 11% and
n02, 7% respectively) and all the associated infections were
of gynecological origin (chorioamnionitis or endometritis).
E. coli was the agent isolated in 31 (n041, 75%) cases of
pyelonephritis, it was frequently aminopenicillin resistant
(n039, 65%) and amoxicillin-clavulanate intermediate or
resistant (n028, 47%). Two strains (3%) produced an
extended-spectrum β-lactamase (ESBL). Six isolates were
resistant to fluoroquinolone (11%). Among the 16 E. coli
strains analyzed, 12 belonged to phylogenetic group B2, 3
to the phylogenetic group D and 1 to group A.

347 patients with positive blood culture

63 gynecology patients

5 patients > 7 days post delivery

113 contaminants:

104 Staphylococcus epidermidis

3 Corynebacterium sp

2 Alcaligenes sp

2 Micrococcus sp

1 Propionibacterium sp

1 Lactobacillus sp

166 bacteremia in pregnant women

31 unavailable charts

135 bacteremia during pregnancy analysable (80.3%)

Fig. 1 Flow chart

Table 1 Patient characteristics

Characteristics

Age (years) 32 (19–50)

Ethnicity N0128 (%)

Caucasian 50 (39)

Sub-Saharan Africa 42 (33)

Northern Africa 23 (18)

Asia 10 (8)

Unknown 3 (2)

Underlying conditions

Obesity 33 (30)

Gestational diabetes 14 (10)

Type 1 diabetes 2 (1)

HIV 2 (1)

Sickle cell anemia 2 (1)

Hemopathy or solid tumor 3 (2)

Immunosuppressive treatment 2 (1)

GBS colonization (n090) 22 (24)

Twin pregnancy 12 (9)
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An empirical antimicrobial regimen was initiated as soon
as symptoms of infections appeared in 74% of patients. Intra-
venous (IV) amoxicillin was the most frequently prescribed

antimicrobial agent (n053, 40%) followed by IVamoxicillin-
clavulanate (n036, 27%) or an IV third-generation cephalo-
sporin (n035, 26%). Empirical antimicrobial treatment was

Table 2 Source of bacteremia in
relation to delivery Total (%) Antepartum Intrapartum Postpartum

Chorioamnionitis 63 (47) 12 51 0

Pyelonephritis 41 (30) 19 10 12

Endometritis 14 (10) 0 0 14

Pneumonia 2 (1) 2 0 0

Sinusitis 1 (0.7) 1 0 0

Peritonitis 1 (0.7) 0 1 0

Lymphangitis 2 (1) 1 1 0

Listeriosis 5 (4) 3 2 0

Unknown 6 (4) 5 0 1

Table 3 Microorganisms isolat-
ed from blood cultures in rela-
tion to delivery

Total Antepartum Intrapartum Postpartum

Gram-negative bacilli 86 22 46 18

Enterobacteriaceae 80 19 43 18

Escherichia coli 60 14 31 15

Proteus mirabilis 2 0 1 1

Klebsiella pneumoniae 8 3 4 1

Klebsiella oxytoca 2 1 1 0

Enterobacter cloacae 3 1 2 0

Morganella morganii 2 0 1 1

Citrobacter freundii 2 0 2 0

Salmonella Enteritidis 1 0 1 0

Pseudomonas aeruginosa 3 2 1 0

Flavimonas oryzihabitans 1 0 1 0

Haemophilus influenzae 1 0 1 0

Brucella sp 1 1 0 0

Gram-positive bacilli 5 3 2 0

Listeria monocytogenes 5 3 2 0

Gram-positive cocci 33 5 21 7

Streptococcus agalactiae (B) 19 0 17 2

Streptococcus pyogenes (A) 1 0 0 1

Streptococcus salivarius 2 1 1 0

Streptococcus oralis 1 1 0 0

Streptococcus pneumoniae 2 2 0 0

Enterococcus faecalis 2 0 1 1

Staphylococcus aureus 6 1 2 3

Anaerobes 8 0 6 2

Bacteroides fragilis 5 0 4 1

Bacteroides capillosus 1 0 0 1

Veillonella spp. 1 0 1 0

Gardnerella vaginalis 1 0 1 0

Polymicrobial infection 3 0 2 1

Enterococcus spp./Citrobacter freundii/Proteus
mirabilis

1 0 0 1

Escherichia coli/Klebsiella pneumoniae 2 0 2 0
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considered inappropriate based on the results of antimicrobial
susceptibility testing in 38 cases (29%). Fifty-seven patients
(42%) received a combination of antibiotics including an
aminoglycoside. Antibiotics were administered for a median
duration of 15 days (range 2–68 days).

Maternal and fetal outcome

Five bacteremic women were admitted to the ICU. Sepsis
was secondary to chorioamnionitis in 4 patients and listeri-
osis in 1 case. Three patients were in septic shock. In cases
associated with chorioamnionitis, 3 patients had E. coli and
1 had K. pneumoniae identified as the causative agent. Four
women were in their third trimester and 1 was in her first
trimester. All women received antimicrobial therapy as soon
as symptoms of infection appeared.

Mean duration of hospitalization was 8 days (0 to
49 days). Thirty-eight patients required a Caesarean section
(29%). Thirty-nine patients (29%) delivered preterm with a
mean gestational age of 36 weeks (range 5–42 weeks).
Seven mothers had medically indicated terminations of
pregnancy unrelated to the bacteremia. Twenty-seven
patients had invasive procedures during pregnancy includ-
ing 21 amniocenteses, 6 cervical cerclages and 1 double J
ureteral stenting. No maternal deaths occurred.

Seven newborns (5%) had an early-onset neonatal infec-
tion (E. coli, n03; group B Streptococcus, n03 and S.
aureus, n01) and 21 (16%) were colonized (E. coli, n010;
group B Streptococcus, n06; group A Streptococcus, n01;
E. faecalis, n01; K. oxytoca, n01; K. pneumoniae, n01 and
M. morganii, n01) with the same bacteria as that isolated in
their mother. One infected fetus died of complications of
sepsis. Characteristics of each bacteremia episode and the
corresponding fetal outcome are detailed in Table 4. In total,
there were 14 fetal or neonatal deaths (10.4%) associated
with maternal bacteremia. Bacteremic chorioamnionitis was
associated with a fetal mortality rate of 21%. Fetal mortality
was 40% for bacteremia during the second trimester, 20%,
in the first trimester and 1% during the third trimester. One
intrauterine fetal death was due to Listeria monocytogenes
and the others were associated with chorioamnionitis. There
were no significant differences in underlying conditions,
bacterial species and source of infection between patients
with or without fetal death.

Discussion

As expected, bacteremia remains a rare occurrence in preg-
nancy with an incidence in this study of 0.3%. This repre-
sents a lower rate than that previously reported [3, 6]. Such a
finding is probably due, at least in part, to improved obstet-
rical practices. It was initially thought to be explained by the

now widespread screening for GBS carriage and use of
maternal per-partum prophylaxis [10–15]. However, GBS
bacteremia was still a fairly frequent event in our study
(14%) and, interestingly, its incidence was similar to previ-
ously published data. This could be explained by the fact
that antimicrobial prophylaxis for GBS administered to
women during labor is effective for prevention of early-
onset neonatal disease, but has no proven efficiency to
prevent maternal infection [10, 16].

As noted in previous studies, E. coli was the most fre-
quently isolated Gram-negative bacilli [3–6]. It was gener-
ally resistant to aminopenicillin. In studies by Blanco et al.
and Ledger et al. [3, 6], anaerobes were the most frequently
isolated pathogen in maternal bacteremia. However, anae-
robes were responsible for only 8 cases of maternal blood-
stream infections in our study. Polymicrobial bacteremia
was also described as a common occurrence in previous
studies, but we identified only 3 cases [17, 18]. These results
suggest a major shift in the epidemiology of microorganisms
associated with bacteremia in pregnancy and justify a thor-
ough reevaluation of empirical antimicrobial regimens when
such an infection is suspected. In previous studies, amino-
penicillins were in fact used as a first-line agent to empiri-
cally treat pregnant women with suspected bloodstream
infections. The aminopenicillins show great antimicrobial
activity against wild-type E. coli, GBS and Listeria sp.
However, most community-acquired infections caused by
E. coli in the 21st century are aminopenicillin-resistant and
also intermediate or resistant to amoxicillin-clavulanate.
Therefore, even though the widespread use of amoxicillin
or ampicillin was often appropriate in the early 1980s,
aminopenicillin or amoxicillin-clavulanate was inadequate
first-line therapy for nearly a third of patients in our study. A
large proportion of patients (42%) were initially adminis-
tered a combination of two antimicrobials that included an
aminoglycoside before the identification of the causative
agent. This probably compensated for the inefficacy of
aminopenicillin. Consequently, empirical antimicrobial ther-
apy during pregnancy should be revisited rapidly and third-
generation cephalosporin should be considered a more ap-
propriate first-line empirical agent, especially for suspected
urinary tract infections. In cases of suspected listeriosis,
aminopenicillin should be added. However, the recent emer-
gence of EBSL bacteria should be taken into account.

Escherichia coli is known as the first, most common
cause of community-acquired bacteremia in non-obstetrical
patients [19, 20]. Four major phylogenetic groups are de-
scribed, groups A, B1, B2 and D [21]. Amongst the 16 cases
of E. coli analyzed from our patients’ blood culture, a large
majority belonged to the virulent B2 group. Interestingly
enough, the B2 phylogroup is predominant in bacteremia in
the non-obstetrical population and E. coli neonatal menin-
gitis [22, 23].
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The source of infection in our study was mainly gyneco-
logical. Chorioamnionitis was the origin of the bacteremia
in almost half of the cases. However, acute pyelonephritis
was also frequent and was the source of 30% of maternal
bloodstream infections. Blanco et al. reported higher rates of
bacteremia secondary to postpartum endometritis than that
observed in this study. The low incidence of endometritis
may be related to several improvements in obstetrical prac-
tices since the 1980s, such as a decreased use of intrauterine
fetal monitoring during labor, fewer vaginal examinations
pre-labor or during labor, higher rates of labor induction in
cases of premature rupture of the membranes (PROM) and
systematic antiobioprophylaxis for cesarean deliveries and
intrauterine maneuvers.

Bacteremia carries a poor prognosis for the affected
fetus. The fetal mortality rate was 10% in our study.
Twenty-nine percent of all bacteremia cases were asso-
ciated with preterm delivery and 5% with neonatal
infection. The characteristics of women with a blood-
stream infection leading to fetal mortality were similar
to patients without fetal death regarding comorbidities
or the use of an inappropriate antimicrobial regimen.
Fetal death mainly occurred in the 2nd trimester in

previable fetuses and was mainly associated with cho-
rioamnionitis. However, the relationship observed be-
tween fetal death and chorioamnionitis is unclear since
both can be seen in the context of a preexisting obstet-
rical condition, such as cervical incompetence and
above all premature rupture of the membranes. It is
therefore possible that fetal death might be attributed
solely to the obstetric complication rather than to the
infection itself. For instance, cervical incompetence of-
ten requires emergency cervical cerclage or very preterm
premature rupture of membranes (PPROM), and pro-
longed expectant management in such cases carries a
risk of fetal demise, whether chorioamnionitis is present
or not.

Bacteremia in the mother, as opposed to that observed in
the fetus, generally has a very good prognosis. Maternal
morbidity was low in our study with only 3 cases presenting
with septic shock. Blanco et al. reported none in their study
[3], while Ledger et al. and Bryan et al. [4] reported an
incidence of septic shock of 4% [6] and 8% respectively.
Kankuri et al. also described a low incidence of maternal
complications with bloodstream infections [5]. Also, there
was no maternal death in our study. In fact, the prognosis for

Table 4 Characteristics of bacteremia associated with fetal death

Age Term Comorbidity Source of
bacteremia

Empirical antibiotherapy Microbiology

1 31 18+3 Twin pregnancy PPROM Inappropriate erythromycin Proteus mirabilis
Cervical cerclage Chorioamnionitis

2 32 16+5 PPROM Inappropriate amoxicillin Klebsiella pneumoniae
Escherichia coliChorioamnionitis

3 34 17+0 PPROM Appropriate amoxicillin-
clavulanate

Escherichia coli
Chorioamnionitis

4 33 22+5 Twin pregnancy PPROM Appropriate cefotaxime,
gentamicin

Escherichia coli
Chorioamnionitis

5 35 24+2 Gestational diabetes PPROM Inappropriate amoxicillin-
clavulanate, gentamicin

Citrobacter freundii
Cervical cerclage Chorioamnionitis

6 37 12+3 Chorioamnionitis Appropriate amoxicillin Haemophilus influenzae

7 23 19+3 PPROM Inappropriate cefotaxime Bacteroides fragilis
Chorioamnionitis

8 40 18+5 PPROM Appropriate cefotaxime Escherichia coli
Chorioamnionitis

9 49 23+5 Gestational diabetes Chorioamnionitis Inappropriate cefotaxime Bacteroides fragilis

10 41 34+3 Gestational diabetes PPROM Appropriate imipenem,
gentamicin

Escherichia coli
Amniocentesis Chorioamnionitis

11 36 16+5 PPROM Appropriate amoxicillin Escherichia coli
Chorioamnionitis

12 34 20+6 Amniocentesis PPROM Inappropriate amoxicillin Klebsiella pneumoniae
Cervical cerclage Chorioamnionitis

13 28 19+3 Cervical cerclage PPROM Inappropriate amoxicilin Escherichia coli
Chorioamnionitis

14 33 20+1 Listeriosis Appropriate amoxicilline-
clavulanate

Listeria monocytogenes
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septic shock in pregnant women seems to be better than in
non-obstetrical patients [24, 25]. The immunotolerance and
cardiovascular modifications during pregnancy may explain
the good outcome of infections or bacteremia during
pregnancy.

Kankuri et al. was the first to highlight a relationship
between obesity and an increased risk of maternal bacter-
emia [5]. In our study, 30% of patients with maternal blood-
stream infections were classified as obese, while the obesity
rate in France is about 10%. Obesity is a known risk factor
for adverse outcome in pregnancy, including infections and
gestational diabetes [26, 27]. Also, the rate of gestational
diabetes in our study was 10%, while it is generally reported
in 5% of pregnancies. To the best of our knowledge, we
describe a high incidence of gestational diabetes in bacter-
emic women for the first time in a study.

This large retrospective study has several limitations.
First, some data were lacking on patients’ charts and 31
medical records were missing. Also, since this was an ob-
servational study, we had no control patients. Finally, the
study took place in Parisian teaching hospitals that care for
an significant migrant population, which might not be rep-
resentative of the general population.

Nevertheless, this study characterising maternal blood-
stream infections is the largest since Blanco’s, offering new
insights into their current clinical and microbiological fea-
tures, and may contribute to improving clinical management
sepsis in pregnancy.
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Background and methods. Clinical and microbiological features of maternal sepsis in the
peripartum period (7 days before to 7 days after delivery) were analyzed to determine
possible risk factors, optimal treatment and outcome. In 43 483 deliveries during 1990–98,
laboratory-confirmed bacteremia was found in 41 (5.1%) out of 798 clinically suspected
septic infections.
Results. Preterm deliveries were associated with a crude 2.7-fold risk for peripartum sepsis
as compared to term deliveries. Antepartum sepsis was associated with a crude 2.6-fold
risk for cesarean section, while postpartum sepsis was 3.2 times more likely to occur after
cesarean section than after vaginal delivery. A combination of cefuroxime and metroni-
dazole was used in 80% (33/41) of all treatments. All mothers recovered well, and only one
suffered from septic shock.

In total, 42 bacterial strains, representing 18 different bacterial species, were isolated
from the blood cultures; 37 strains (88%, 37/42) were aerobic and five (12%, 5/42) were
anaerobic. The most common species were betahemolytic streptococci, Escherichia coli
and Staphylococcus aureus. Most microbes (81%, 34/42) were found to be susceptible to
first- or second-generation cephalosporins.
Conclusion. Our analysis shows that peripartum sepsis is associated with preterm preg-
nancies and cesarean sections. Treatment of peripartum sepsis with second-generation
cephalosporin is usually effective, and the outcome is good.
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Maternal sepsis is a major clinical problem, caus-
ing up to 8% of maternal deaths and 15% of
admissions to intensive care units (1,2). Further-
more, severe maternal infections are associated
with abnormal neurological development such
as cerebral palsy in their children (3,4). The
incidence of septic shock, the most severe form
of sepsis, appears to be low, at 1/7654–1/8338
deliveries (5). So far, only limited data are avail-
able on the clinical outcome and causative

microbes in peripartum sepsis (5,6). The aim of
this study was to evaluate maternal outcome and
the clinical, microbiological and laboratory find-
ings in peripartum sepsis.

Materials and methods

This retrospective study was carried out at the
Department of Obstetrics and Gynecology,
Helsinki University Central Hospital, Helsinki,
Finland. The hospital serves both as a primary
delivery unit for the Helsinki metropolitan area
(population 1.1 million) and as the only tertiary
referral center for the most complicated pregnan-
cies.

Abbreviations:
CRP: C-reactive protein; BLC: blood leukocyte count; BE: base
excess; BMI: body mass index; PROM: preterm rupture of the
membranes.
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Since 1989, diagnoses and laboratory test
reports of all parturients have been stored in the
hospital’s electronic database. We searched deliv-
ery data from May 1990 to October 1998 for
blood culture reports and for ICD-9 and ICD-
10 coded diagnoses of all obstetric infections. All
blood culture results were retrieved and the
obstetric records were perused for those with
bacterial growth. All records of subjects with
ICD-9 or ICD-10 diagnoses of infection were
also reviewed.

Throughout the study period, the routine clin-
ical practice was to take a venous blood sample
for bacterial culture within 24 h after the axillary
temperature rose to �38 �C and/or when there
were other clinical indications to suggest a sys-
temic infection, for example elevated C-reactive
protein (CRP) levels or leukocytosis. Antimicro-
bial treatments were usually started immediately
after blood samples for bacterial culture had been
taken, and thus before the results of these cul-
tures were available. During the study period, no
prophylactic antibiotic treatments were adminis-
tered prior to cesarean section or after identi-
fication of vaginal colonization by Group B
streptococci. However, antibiotic prophylaxis
with intravenous cefuroxime (1.5 g three times
daily) was administered for women with preterm
rupture of the membranes (PROM) starting from
the year 1993.

Duplicate sterile venous blood samples for
blood culture were taken at 30-min intervals
into both aerobic and anaerobic bottles. The
samples were sent to the clinical microbiology
laboratory (HUCH Laboratory Diagnostics,
Department of Bacteriology, Helsinki University
Central Hospital) for isolation and identification
of bacteria and antimicrobial susceptibility test-
ing according to standard methods (7,8). The
identification of the Actinomyces neuii strain
was confirmed by Dr H. Jousimies-Somer, Anaer-
obe Reference Laboratory, National Public
Health Institute, Helsinki, Finland.

During 1990–93, blood cultures were carried
out with a Bactec blood culture system (NR-
660, Becton Dickinson Instruments, Sparks,
MD, USA), and during 1994–98 with a BacT/
Alert blood culture system (Organon Teknika,
Durham, NC, USA). The preliminary blood cul-
ture results were usually ready within 1 day and
the antimicrobial susceptibility test and identifi-
cation results within 2 to 3 days after sampling.

Preterm delivery was defined as delivery before
37 gestational weeks. Peripartum sepsis was
defined as bacterial growth in culture of blood
taken 7 days before to 7 days after delivery. The
mother’s daily follow-up included clinical evalu-

ation, fever measurement, assay of CRP (mg/L)
and blood leukocyte count (BLC, � 106/L).

The data are presented as mean� standard
deviation (SD). Relative risk (RR) and its 95%
confidence interval (CI) were calculated for
dichotomous parameters (9).

Results

During the study period, there were 43 483 deliv-
eries, of which 4569 (11%) were preterm, and
9904 (23%) were delivered by cesarean section.
Venous blood samples for bacterial culture were
taken from 798 (1.8%) parturients. Of these,
41 (5.1%) had bacterial growth in their blood.
An additional eight positive findings were
excluded from the study due to strong suspicion
of contamination (three Staphylococcus epidermi-
dis, two Micrococcus species, one Bacillus species,
and two Propionibacterium species).

The incidence of peripartum sepsis in this
study was 1/1060 deliveries (95% CI 1/781–1/
1479) (Table I). Compared with other parturi-
ents, these women were more often primiparous
and obese, their delivery was more often pre-
term, and they were more often delivered by
cesarean section (Table I). Perinatal mortality
rate and proportion of newborns with Apgar
scores less than 7 at 1 min after birth were also
significantly different from the reference popula-
tion (Table I).

In Fig. 1, the time and type of delivery are
plotted against days from delivery to blood sam-
pling. Among the 41 cases there were 10 (24%)
preterm deliveries and seven (17%) cases of pre-
term rupture of the membranes. Preterm delivery
was associated with a 2.7-fold risk for peripartum
sepsis as compared to term delivery (10/4569 vs.
31/38 914; crude RR 2.7; 95% CI 1.3–5.6).

In samples taken during the antepartum
period, the rate of bacteremia was 4.3 times higher
(10/56) than in those taken postpartum (31/742;
crude RR 4.3; 95% CI 2.2–8.3). Ten infections
(24%, 10/41) were identified in the antepartum
period, nine of them (90%) less than 12 h before
delivery. Antepartum sepsis was associated with a
2.6-fold risk for cesarean delivery (6/9904 vs.
4/33 579; crude RR 2.6; 95% CI 1.6–4.4). All six
cesarean sections after antepartum bacteremia
were nonelective.

In 65% (20/31), postpartum sepsis occurred
more than 24 h after delivery. At this time, sepsis
was 6.3 times more common in women delivered
by cesarean section as compared with those deliv-
ered vaginally (13/9896 vs. 7/33 566; RR 6.3; 95%
CI 2.5–15.8). By contrast, within 24 h after deliv-
ery, no significant difference was observed in the
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rate of postpartum sepsis between cesarean sec-
tion (2/9898) or vaginal delivery (9/33 575; crude
RR 0.75, 95% CI 0.16–3.5). Thus the overall
relative risk of sepsis after cesarean delivery was
3.2 (15/9898 vs. 16/33 575; crude RR 3.2; 95% CI
1.6–6.4) as compared to vaginal delivery. Of all
the 15 cases of sepsis after cesarean section,
seven (47%) occurred after elective and eight
(53%) after emergency operations.

At the time of blood sampling, the patients’
mean temperature was 39.2� 0.6 �C (range
37.6–40.6 �C) and mean CRP values were
93.5� 64 mg/L (range 0–235 mg/L) (Fig. 2). Nor-
mal temperature levels were attained within 2.5 days
after blood culture, CRP levels peaked at 1 day after

blood culture (149� 55 mg/L, range 62–287
mg/L) and declined thereafter, lagging 1–3 days
behind the temperature slope (Fig. 2). In three
cases (7.3%), fever did not rise above 38 �C
(range 37.6–37.8 �C); these mothers had had an
elevated BLC of (22.5� 0.8)� 106/L [range
(21.9–23.0)� 106/L] at the time of blood culture.
In seven patients (17%) the CRP values remained
low (<20 mg/L), but they had an elevated BLC
[mean (19.9� 6.9)� 106/L; range (13.5–33.1)
� 106/L].

A total of 42 bacterial strains representing 18
different taxa were cultured from the 41 blood
samples (Table II). Of the total number of bacter-
ial strains, 88% (37/42) were aerobic and 12%

Table I. Characteristics of subjects with and without peripartum sepsis and their offspring

Peripartum sepsis

Yes
n %

No
n % RR (95% CI)

Mothers
Total 41 100 43 442 100
Multifetal pregnancy 1 2.4 1297 3 0.82 (0.12–5.7)
Primiparous 24 59 19 157 44 1.7 (0.96–3.3)
Type I diabetes 1 2.4 530 1.2 2.0 (0.28–14)
Gestational diabetes 4 9.8 71/867* 8.2 1.2 (0.46–3.1)
BMI>30 kg/m2 11/34† 32 57/867* 6.6 4.9 (2.9–8.5)
Prior infertility 5 12 n.a. – –
Delivery at <37 weeks 10 24 4559 11 2.7 (1.3–5.6)
PROM 7 17 n.a. – –
Cesarean section 21 51 9883 23 3.6 (1.9–6.6)

Offspring
Total 42 100 44 802 100
Stillbirth 2 4.8 280 0.62 7.9 (1.9–33)
Apgar 1–6 at 1 min 5 12 1900 4.2 3.0 (1.2–7.7)
Umbilical blood pH<7 1 2.4 174/35 867† 0.49 5.0 (0.69–36)
BE<�12 1 2.3 n.a. – –

BE, base excess; BMI, body mass index; n.a., data not available; PROM, preterm rupture of the membranes; RR, relative risk.
*Unselected subgroup of hospital population from 1993 to 1994. †Numbers of parturients for whom data was available.

Fig. 1. Time of blood sampling related to gestational age and
delivery in 41 parturients with peripartum sepsis. Samples for
blood culture were taken on day 0. *, vaginal delivery; &,
cesarean section.

Fig. 2. Axillary temperature (Tax, �C, *) and C-reactive protein
levels (mg/L, &) in patients with peripartum sepsis (n¼ 40 and
41, respectively). Samples for blood culture were taken on day 0.
Data are expressed as mean� SEM.
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(5/42) were anaerobic. The most frequent patho-
gens were betahemolytic streptococci, Staphylo-
coccus aureus and Escherichia coli, which, taken
together, were found in 68% (28/41) of cultures.
After vaginal delivery, betahemolytic streptococci
were the most commonly identified microbes
(50%, 9/18). On the other hand, bacteremia
after cesarean section was associated with growth
of S. aureus or E. coli in the blood [26% (4/19)
and 16% (3/19), respectively]. Furthermore, all
five anaerobic infections were associated with
cesarean delivery. One of these anaerobic strains
was Actinomyces neuii. To our knowledge, this is
the first report of peripartum sepsis associated
with this pathogen (10). Multibacterial growth
in blood cultures was identified in only one case,
which led to septic shock (see below). A simultan-
eous urinary tract infection was present in
six (15%) of the 41 patients, three of these cases
were caused by Enterococcus faecalis, two by
E. coli and one by Staphylococcus species. Only
one of these six patients harbored the same
microbial species (E. coli) both in blood and urine.

All S. aureus strains were susceptible to oxacil-
lin and to first- or second-generation cephalo-
sporins. All E. coli strains were susceptible to
second-generation cephalosporins. Among anaer-
obic bacteria, metronidazole resistance was found
only in the intrinsically metronidazole-resistant
but cefuroxime-susceptible A. neuii (10). Resis-
tance to first- or second-generation cephalos-
porin was seen in only one (3.0%, Morganella
morganii) of 33 bacterial strains tested.

Antimicrobial treatment was administered
intravenously to 39 (95%) of 41 patients for a
median duration of 5 days (range 1.0–13.5 days).

A combination of cefuroxime and metronidazole
was used in 80% (33/41). Other intravenous anti-
microbial treatment regimens were: cefuroxime,
ceftazidime plus metronidazole, G-penicillin, eryth-
romycin and gentamicin. Two (5%) of the 41
patients were treated solely with peroral antimi-
crobials (penicillin or cephalexin).

The primary antimicrobial regimen was changed
in 13 (27%) of the 41 patients. In five, the
switch was prompted by the results of blood cul-
ture and drug resistance assessment. The
microbes involved in these six cases were Listeria
monocytogenes, Enterococcus faecium and E. coli,
Pseudomonas aeruginosa, M.morganii and Pep-
tostreptococcus species. In the remaining eight
patients the change in antimicrobial treatment
was based on clinical indications, as the patho-
gens involved (four S. aureus, one Streptococcus
pyogenes, one Streptococcus agalactiae, one
Streptococcus viridans species and one E. coli)
were found to be susceptible to antimicrobial
agents used as primary treatment.

One patient with a positive blood culture for
E. faecium and E. coli after vaginal delivery devel-
oped septic shock with disseminated intravascu-
lar coagulation. Her labor had been induced due
to intrauterine fetal death. She received a combin-
ation of vancomycin, netilmicin and metronida-
zole intravenously for 13 days at the intensive
care unit. She was also treated with vasopressors
and received blood transfusions. She recovered
well and was discharged 15 days after delivery.

Two (4.8%, 2/42) intrauterine fetal deaths
occurred. In these cases, the mothers’ infections
were due to L. monocytogenes and, as mentioned
earlier, E. coli and E. faecium. The fetuses were
delivered preterm by the vaginal route at 26 and
23 gestational weeks, respectively.

Discussion

The incidence of peripartum sepsis was 0.1% in
this study. Sepsis was associated with preterm
delivery and cesarean section. Mothers with peri-
partum sepsis were also more often primiparous
and obese as compared to the overall hospital
population.

In previous reports the incidence of obstetric
bacteremia or severe sepsis has ranged from 0.4
to 0.75% (11,12). Moreover, as compared to
previously reported incidences of septic shock
(1/7654–1/8338 deliveries) (13), in the present
study only one out of 43 483 mothers developed
septic shock. Some of these differences may be
because we studied the limited period between
1 week before and 1 week after delivery. Further-
more, the lower incidences may be partly

Table II. Identifiedbacterial strainsand theiroccurrence inbloodcultures from
41 women with peripartum bacteremia. In one subject, two bacterial strains
were isolated concomitantly

Aerobic bacteria 37 Anaerobic bacteria 5
Betahemolytic streptococci 14 Veillonella species 2
Streptococcus agalactiae 8 Fusobacterium species 1
Streptococcus pyogenes 5 Peptostreptococcus species 1
Betahemolytic streptococcus

Group G
1 Actinomyces neuii 1

Other streptococci 4
Streptococcus morbillorum 1
Streptococcus viridans species 1
Streptococcus sanguis 1
Microaerophilic streptococcus 1

Gram-negative rods 9
Escherichia coli 7
Morganella morganii 1
Pseudomonas aeruginosa 1

Staphylococcus aureus 7
Enterococcus faecium 1
Listeria monocytogenes 1
Lactobacillus species 1
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explained by differences in our background
population, early diagnosis and promptly
initiated antimicrobial treatment, which may
have prevented the development of the most
severe septic infections.

The incidence of peripartum sepsis was three
times higher in preterm than in term deliveries.
Intra-amnionitic infection is a significant predis-
posing factor as regards maternal sepsis and may
present as a chronic infection months after the
initial microbial invasion (14). Moreover, dys-
functional intrinsic defense mechanisms in pre-
term labor (15) can predispose the mother to
sepsis. Thus our results indicate a need for clinical
alertness for the possibility of developing sepsis
when preterm labor is associated with clinical
amnionitis.

We found that postpartum sepsis was three
times more common after a cesarean section
than after vaginal delivery, and this association
was most apparent after 24 h from delivery. Our
finding suggests that an underlying infectious
process, for example low-grade chorioamnioni-
tis, predisposes to dysfunctional labor requiring
cesarean section. Probably this subclinical infec-
tion is then aggravated by tissue trauma asso-
ciated with cesarean section (16). Our findings
support the importance of antimicrobial prophy-
laxis in all types of cesarean sections (17).
Furthermore, cesarean section was recently
reported to quadruple the risk of maternal
morbidity (18). An antepartum diagnosis of
maternal sepsis was associated with a 2.6-fold
risk for cesarean section. This finding suggests
that infection may be related to dysfunctional
uterine contractions predisposing the fetus to
asphyxia.

In contrast to well-established data on polymi-
crobial growth in amnionitis (5,19), we observed
only one but nevertheless a serious polymicrobial
septicemia. In the light of this information, it
seems that usually only one type of bacterium
gains access to the circulation and causes sys-
temic infection. However, the microbe found in
blood culture represents only the tip of an iceberg
of pathogens at the original site of infection (5).
In fact it has been hypothesized that having
invaded the myometrium the most virulent
pathogen may spread into the systemic circula-
tion through uterine contractions (6). Even
though the majority of bacteria cultured from
blood samples were aerobic strains, anaerobic
bacteria can have an important role in the initial
infection. Thus, antimicrobial agents effective
against anaerobes, such as metronidazole, may
still be needed in treatment of maternal genital
tract infections.

The rapid and good clinical response to intra-
venous antimicrobials in our study suggests that
the therapy was appropriate and started early
enough even if the result of the blood culture
was not yet known. Treatment with a combin-
ation of cefuroxime and metronidazole was effect-
ive in 80% of cases. The most frequent pathogens
associated with infection after vaginal delivery
were group A and group B streptococci, while
E. coli and S. aureus infections were associated
with infection after cesarean section. All of them
were tested susceptible to first- or second-generation
cephalosporins. Nevertheless, whenever possible,
a narrower spectrum second-line antimicrobial
treatment should be selected on the basis of
microbiological data to help to reduce microbial
drug resistance (20,21).

In addition to second-generation cephalospor-
ins, other treatment options are widely used
elsewhere (13,22,23). These include use of
aminopenicillins (e.g. ampicillin) with aminogly-
cosides (e.g. netilmicin, gentamicin). The former
are effective against L.monocytogenes and some
enterococci, but do not withstand b-lactamase of,
for example, staphylococci, which were frequent
(17%) pathogens in our study. The fact that only
one listerial and one enterococcal infection were
found in our study suggests that use of ampicillin
is not of primary importance in our pregnant
population. Aminoglycosides have many adverse
effects, such as oto- and nephrotoxicity, and a
narrow therapeutic window requiring frequent
drug serum level monitoring. Nevertheless, amino-
glycosides and aminopenicillins serve as valuable
second-line treatment options for the most
complicated infections. The microbiological pro-
file may change from place to place and from
time to time, so each center caring for patients
with complicated obstetric infections should peri-
odically review the adequacy of its treatment
policy.

Considering the rarity of peripartum sepsis and
the multitude of bacteria involved, it is unlikely
that randomized controlled trials of adequate
power will be carried out in the near future.
Therefore, treatment options must be based
mainly on empiric observations. Taken prior to
antimicrobial therapy, blood cultures for bacter-
iological typing and drug resistance measure-
ments help to verify that the treatment chosen is
optimal and provide a useful basis for changing
the regimen when needed.
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Objective To determine the incidence of maternal bacteraemia

during pregnancy and for 6 weeks postpartum, describe the

gestation/stage at which sepsis occurs, the causative

microorganisms, antibiotic resistance and review maternal, fetal

and neonatal outcome.

Design Prospective review.

Setting Two tertiary referral, maternity hospitals in Dublin,

Ireland.

Population During 2005–2012 inclusive, 150 043 pregnant women

attended and 24.4% of infants born in Ireland were delivered at

the hospitals.

Methods Demographic, clinical, microbiological and outcome

data was collected from women with sepsis and compared with

controls.

Main outcome measures Incidence, bacterial aetiology, gestation/

stage at delivery, mode of delivery, antibiotic resistance, admission

to augmented care, maternal, fetal and neonatal outcome.

Results The sepsis rate was 1.81 per 1000 pregnant women.

Escherichia coli was the predominant pathogen, followed by

Group B Streptococcus. Sepsis was more frequent among

nulliparous women (odds ratio [OR] 1.39; 95% confidence

interval [CI] 1.07–1.79) and multiple births (OR 2.04; 95% CI

0.98–4.08). Seventeen percent of sepsis episodes occurred

antenatally, 36% intrapartum and 47% postpartum. The source of

infection was the genital tract in 61% (95% CI 55.1–66.6) of

patients and the urinary tract in 25% (95% CI 20.2–30.5). Sepsis

was associated with preterm delivery (OR 2.81; 95% CI 1.99–
3.96) and a high perinatal mortality rate (OR =5.78; 95% CI

2.89–11.21). Almost 14% of women required admission to

augmented care. The most virulent organisms were Group A

Streptococcus linked to postpartum sepsis at term and preterm

Escherichia coli sepsis.

Conclusions Maternal sepsis is associated with preterm birth, a

high perinatal mortality rate and nulliparous women.

Keywords Fetal loss, maternal sepsis, perinatal mortality, preterm.

Please cite this paper as: Knowles SJ, O’Sullivan NP, Meenan AM, Hanniffy R, Robson M. Maternal sepsis incidence, aetiology and outcome for mother and

fetus: a prospective study. BJOG 2014; DOI: 10.1111/1471-0528.12892.

Introduction

Maternal sepsis has become uncommon in developed coun-

tries following the introduction of antibiotic therapy,

improvement in social infrastructure and systematic use of

infection control measures in healthcare. Nonetheless, bac-

terial sepsis still occurs and fulminant sepsis may result in

maternal death.1 A recent review has identified that despite

a decline in overall maternal deaths in the UK, there has

been an increase in infection-related direct maternal mor-

tality from 0.85 per 100 000 maternities in 2003–2005 to

1.13 in 2006–2008.2 The USA and other European coun-

tries also report an increased incidence of severe maternal

sepsis over the last decade.3–6 In contrast, the Netherlands

report a consistent sepsis-linked maternal mortality rate of

0.73/100 000 live deliveries over a 14-year time span, 1993–
2006.7 No Irish data have been reported. Epidemiologists

caution that with extremely low maternal mortality rates,

slight variations can significantly skew data and they rec-

ommend that a minimum 5-year time span should be uti-

lised to identify true trends.8

The incidence of maternal sepsis is reported to be 0.1–
0.3%.9–12 Sepsis has significantly reduced since the 1970s,

when the incidence of obstetric bacteraemia was reported

to be 0.7–0.75%.13,14 The most common source of bactera-

emia during pregnancy is chorioamnionitis or genital tract
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infection.9 Bacteraemia during pregnancy is associated with

a 10–28% fetal mortality9,11,15 and preterm delivery is asso-

ciated with a 2.4–2.7-fold risk for sepsis, compared with

term delivery.9–11

The most frequent organisms isolated include Escherichia

coli, Group B Streptococcus, Staphylococcus aureus, anaerobic

bacteria and Listeria monocytogenes.9,11,15 Group A Strepto-

coccus is the leading pathogen linked to maternal mortality

from sepsis, accounting for 50% of cases.1 In response to

this risk, multiple guidelines have been published to

prompt early identification of Group A Streptococcus and

rapid aggressive intervention.16–19

The reasons for the increased incidence of sepsis in preg-

nancy are thought to be linked to changing demographics,

which include older age at first pregnancy and other com-

plicating factors such as obesity, insulin-dependent diabetes

and an increase in multiple births. Invasive diagnostic and

therapeutic interventions have increased, with their recog-

nised risk of infection.1,5 Enhanced virulence of circulating

organisms such as Group A Streptococcus has also been

postulated.4

The study objectives were:

1 To determine the incidence of maternal bacteraemia

during pregnancy and for 6 weeks postpartum.

2 To characterise the gestation/stage at which sepsis

occurs.

3 To identify the causative microorganisms.

4 To examine antibiotic resistance.

5 To review maternal, fetal and neonatal outcome.

Methods

Study population and setting
This prospective study was conducted in two tertiary refer-

ral, maternity hospitals in Dublin – the Coombe Women

and Infant’s University Hospital (CWIUH) and the

National Maternity Hospital (NMH). The hospitals serve

both as primary maternity hospitals for the greater Dublin

region and as tertiary referral centres for complicated

maternal, fetal and neonatal cases. During the study period,

24.4% of all infants born in the Republic of Ireland were

delivered at these two hospitals.

All pregnant and postpartum women diagnosed with

maternal sepsis during the 8-year period from 1 January

2005 to 31 December 2012 were included in the study.

Patients without a diagnosis of sepsis served as the control

population. A septic work-up, including obtaining blood

cultures, was indicated when a woman had a temperature

of 38°C and associated signs and symptoms of infection.

After the septic work-up was obtained, broad spectrum

antibiotic therapy was empirically commenced in all

women according to the likely source of infection and local

prescribing guidelines. Delivery was indicated for pregnant

women with suspected chorioamnionitis. Intrapartum anti-

biotic prophylaxis is utilised in both hospitals for the pre-

vention of early onset neonatal group B streptococcal

disease based on the Royal College of Obstetricians and

Gynaecologists green-top guideline.20

Definitions
The definition and source of bloodstream infection (BSI) is

based on the European Centre for Disease Prevention and

Control case definitions, which are summarised below.21

Primary BSI of unknown origin: Sepsis is not related to

an infection of a vascular catheter and is not secondary

to infection elsewhere.

Primary BSI catheter-related: Sepsis is due to infection of

either a peripheral vascular catheter or a central vascular

catheter.

Secondary BSI: Sepsis is secondary to infection elsewhere

in the body: the same microorganism was cultured from

both the blood and another infection site or strong evi-

dence exists that the patient’s BSI developed secondary

to another infection site (e.g. urinary tract, genital tract,

respiratory tract).

Miscarriage was defined as the spontaneous loss of a preg-

nancy on or before 23 weeks plus 6 days’ gestation. Stillbirth

was defined as a baby delivered with no signs of life from

24 weeks’ gestation.22 An early neonatal death is the death of

a liveborn baby before seven completed days after birth.23

Timing of sepsis was classified as antenatal if it occurred

between conception and onset of labour. Intrapartum refers

to the time from onset of labour until delivery of the pla-

centa. Postpartum refers to the 42-day interval following

delivery of the placenta. Sepsis was also classified according

to gestational stage at onset of infection: first trimester (con-

ception to 13 weeks + 6 days’ gestation); second trimester

(14–27 weeks + 6 days’ gestation) and third trimester

(28 weeks to delivery). The control population (denomina-

tor data) was separated into women who delivered an infant

<500 g and an infant ≥500 g; birth weight was used in the

annual clinical reports published by both institutions.

Data collection
Demographic, clinical, microbiological and outcome data

were extracted from the patient’s medical record, the labo-

ratory information system, the patient computerised

administration system, the infection prevention and control

team records, and the annual Clinical Report from each

hospital. Data were routinely collected prospectively,

although some data (multiple births, placental histology

and cases of early neonatal death) were validated when the

data were being analysed at completion of the study period.

Obstetric information obtained included parity, multiple

birth, gestation or postpartum day at time of sepsis, mode

of delivery and gestation at that time. Outcome data
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recorded included maternal admission to an Intensive Care

Unit (ICU) or High Dependency Unit (HDU), gestation at

time of delivery, mode of delivery, infectious complications

and maternal, fetal or early neonatal death. Evidence of

fetal infection in cases of miscarriage, stillbirth, early neo-

natal death and preterm birth was determined based on

clinical, microbiological and histological findings. Obstetric

data from sepsis cases were compared with the data for all

women without sepsis who delivered at the same institu-

tions during the study period.

The positive blood culture report was linked to an

organism identification and antibiotic susceptibility profile.

These tests were obtained using the Phoenix Automated

Microbiology System (Becton, Dickinson and Company,

Franklin Lakes, NJ, USA) at one site and the Vitek (Bio-

Merieux, Marcy l’Etoile, France) at the other.

Statistical analysis
Frequencies and proportions including odds ratios (OR)

were used to describe the data with 95% confidence inter-

vals (CI) expressed, where relevant. Single proportion and

95% CI were calculated using the method developed by

Edwin Bidwell Wilson in 1927.24 Chi-square tests were used

to calculate statistical significance. This was carried out

using GRAPH PAD PRISM for windows (www.graph

pad.com)25 and EpiInfo, Centers for Disease Control and

Prevention, Atlanta, GA, USA (http://wwwn.cdc.gov/epi-

info/). A P < 0.05 was considered statistically significant.

Results

Over the 8-year study period, 136 897 mothers delivered

139 495 infants ≥500 g from an initial 150 043 pregnant

women who attended. Laboratory-confirmed BSI was diag-

nosed in 272 obstetric patients yielding 276 organisms, as

there were four mixed infections (Table 1, Figure S1). The

sepsis rate per 1000 mothers attending (includes all miscar-

riages, stillbirths and live births) was 1.81. The sepsis rate

per 100 000 maternities (includes all stillbirths and live

births at any gestation)2 was 198.69.

There were 22 cases of sepsis associated with miscarriage.

These cases were excluded from analysis of maternal age,

parity and multiple birth, as data were not available for the

corresponding control population. The mean age of the

study women was 30.9 years (range 16–43 years). There

was no significant difference in maternal age between cases

and controls (Pearson chi-square test = 2.55; P = 0.232).

Nulliparous women were more likely to develop sepsis

(129/59 550) than multiparous women (121/77 347)

(OR = 1.39; 95% CI 1.07–1.79) (P < 0.01). Women with

multiple births were more likely to develop sepsis (9/2471)

than women with singleton pregnancies (241/134 427)

(OR = 2.04; 95% CI 0.98–4.08) (P < 0.05).

The bacterial isolates identified varied at different stages

of pregnancy and are shown in Table 1. An additional 398

blood cultures yielded contaminants, predominantly coagu-

lase negative staphylococci (277), and were excluded.

The genital tract was the source of infection for 61%

(95% CI 55.1–66.6) of sepsis episodes, the urinary tract

accounted for 25% (95% CI 20.2–30.5) of cases and 4%

(95% CI 2.2–7.2) of episodes were of miscellaneous aetiol-

ogy. The remaining 10% (95% CI 6.9–14.1) were primary

infections. Two of these were intravascular catheter-associ-

ated sepsis and, in the remainder, no source could be iden-

tified (Table 2).

Table 1. Organisms isolated at each stage of pregnancy

Organism Antenatal Intrapartum Postnatal All

isolates

Escherichia coli 26 22 55 103

Group B

Streptococcus

2 43 12 57

Anaerobes 4 8 11 23

Staphylococcus

aureus

4 5 12 21

Enterococcus

faecalis

2 5 6 13

Group A

Streptococcus

0 2 10 12

Streptococcus

milleri

1 4 4 9

Klebsiella

pneumonia

1 2 2 5

Proteus mirabilis 0 3 2 5

Haemophilus

influenzae

3 1 0 4

Streptococcus

pneumoniae

1 0 3 4

Morganella

morganii

0 0 3 3

Group C

Streptococcus

0 1 2 3

Enterobacter

species

1 0 2 3

Group G

Streptococcus

0 0 2 2

Listeria

monocytogenes

1 1 0 2

Moraxella species 0 0 2 2

Staphylococcus

saprophyticus

0 1 1 2

Acinetobacter

lwoffii

1 0 1 2

Streptococcus

gallolyticus

0 1 0 1

Total 47 99 130 276
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Antenatal sepsis
Forty-six sepsis cases (17%; 95% CI 12.9–21.8) occurred

during the antenatal period, caused by 47 organisms

(Table 1). One case was lost to follow-up. The remaining

45 cases yielded 22 miscarriages and 23 live born infants

(nine preterm and 14 at term). Among the 19 women with

sepsis secondary to a genital tract infection, all miscarried

within 24 hours of onset of sepsis. Among the remaining

26 women, where the source of sepsis was not the genital

tract, three miscarried and 23 had a live birth, of whom 15

delivered following a time lapse which varied from 1 week

to 7 months following the onset of sepsis.

Intrapartum sepsis
Ninety-eight sepsis cases (36%; 95% CI 30.6–41.9) occurred

during the intrapartum period, caused by 99 organisms

(Table 1). Among the 93 live births, 80 delivered at term

while 13 were preterm. One preterm baby subsequently

died. There were five antenatal stillbirths diagnosed at pre-

sentation to hospital, where sepsis developed during the

intrapartum period.

Postpartum sepsis
There were 128 (47%; 95% CI 41.2–53.0) episodes of

postpartum maternal sepsis, which were caused by 130

organisms (Table 1). Live births occurred in 126 of the

pregnancies. Of these, 108 deliveries were at term, 17

were preterm and one case was unknown. Two preterm

infants had an early neonatal death. There were two

antenatal stillbirths, one of which was preterm. Ninety-

eight postpartum sepsis cases (76.6%; 95% CI 68.5–83.1)

occurred in the first week following delivery and 63

(49.2%; 95% CI 40.7–57.8) of these infections were

apparent by day 3 of the puerperium. Only six cases

(4.7%; 95% CI 2.0–10.1) occurred more than 14 days

after delivery.

Maternal outcome
There were no direct maternal deaths from sepsis during

the 8-year study period. There was one late indirect mater-

nal death at 8 months postpartum, where infection was a

contributory factor.

Seven women with sepsis (2.6%; 95% CI 1.2–5.3)

required ICU admission. The organisms linked to these

admissions were Group A Streptococcus in three cases,

E. coli in three and S. aureus in one. Three occurred during

the antenatal period (two E. coli and one S. aureus), one

during the intrapartum period (E. coli) and three in the

postpartum period (three Group A Streptococcus). All four

cases of sepsis during pregnancy that resulted in ICU

admission occurred preterm (range 20–34 weeks gestation).

All three cases of postpartum sepsis occurred in women

who had a term (range 40–41 weeks’ gestation) vaginal

delivery, either spontaneous or instrumentally assisted.

Four of the seven women required a surgical intervention:

two laparotomies (Group A Streptococcus and E. coli), evac-

uation of retained products of conception following a mis-

carriage (E. coli), and drainage of an intra-abdominal

collection (Group A Streptococcus). No woman required a

hysterectomy.

Table 2. Source of maternal bloodstream infection

Bloodstream infection (primary)21 Bloodstream infection (secondary)21

No other identified

infection

Central venous

catheter-related

Genital

tract

Urinary

tract

Other infection

source

Antenatal sepsis: 46 cases (%)

1 (2) 2 (4.3) 19 (41.3) 21 (45.6) Mastitis: 1

Pneumonia: 1

Nerve block: 1

Intrapartum sepsis: 98 cases (%)

5 (5.1) 0 78 (79.6) 15 (15.3) 0

Postpartum sepsis: 128 cases (%)

19 (14.8) 0 69 (53.9) 32 (25) Surgical site: 4

Mastitis: 1

Septic arthritis: 1

Skin/soft tissue: 1

Appendicitis: 1

Total sepsis: 272 cases (%)

25 (9.3) 2 (0.7) 166 (61) 68 (25) 11 (4)
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Data regarding HDU admission were unavailable for 24

women. Of the remaining 248 women, 30 were admitted to

the HDU (12.1%; 95% CI 8.6–16.8). The organisms

involved were E. coli in 13, Group B Streptococcus in four,

E. faecalis in three, S. aureus in two and one case each of

Group A Streptococcus, Group C Streptococcus, Haemophilus

influenzae, Enterobacter species, Klebsiella pneumoniae, Pro-

teus mirabilis, Streptococcus milleri and Clostridium perfrin-

gens combined with Streptococcus milleri. Five of the cases

occurred in the antenatal period, 13 in the intrapartum

period, and 12 in the postpartum period.

Fetal and neonatal outcome
Miscarriage was the outcome for 8.1% (22) of sepsis cases

compared with 8.7% (13 124) among the control group

(OR = 0.92; 95% CI 0.58–1.44) (P = 0.69). There was evi-

dence of fetal infection in 18/22 (81.8%) miscarriages, no

evidence of placental or fetal infection in two miscarriages

and two cases were unknown.

Among the remaining 250 women with sepsis, there were

259 births; neonatal outcome was unknown in two cases.

Women with sepsis were more likely to deliver preterm

(16.8%, 42) than women without sepsis (6.6%, 9164) in

the control group (OR = 2.81; 95% CI 1.99–3.96)

(P < 0.001). Six preterm births resulted in a stillbirth or

early neonatal death. Among the remaining 36 liveborn

preterm cases, there was evidence of chorioamnionitis in 17

(47.2%) and no evidence of fetal or neonatal infection in

19 cases. Stillbirth and early neonatal death occurred in 10/

259 deliveries; two in the second trimester and eight in the

third trimester. There was evidence of chorioamnionitis in

6/10 cases (three of seven stillbirths, all three early neonatal

deaths). The overall perinatal mortality rate across both

institutions during the study period was 6.96 per 1000

births (971/139 495) including congenital anomalies but

excluding late neonatal deaths. The perinatal mortality rate

among infants born to women with sepsis was 38.61 per

1000 births, excluding late neonatal deaths (OR = 5.78;

95% CI 2.89–11.21) (P < 0.001). An E. coli infection was

linked to five of the ten deaths. Among the 32 women who

suffered a fetal loss or early neonatal death, 27 cases of sep-

sis were secondary to a genital tract source (84%), four

were secondary to a urinary tract infection and one was of

an unknown source. See Tables 3 and 4 for the percentage

pregnancy loss in each trimester and the organisms

involved.

Surgical or instrumental delivery
The caesarean section rate was 22.3% during the study per-

iod, with individual rates of CWIUH 24.7% and NMH

20.1%. The statistical evaluation of the type of delivery in

women with intrapartum and postpartum sepsis, as com-

pared with the control group, is detailed in Table 5.

Multiple maternal sepsis episodes
Two women had recurrent episodes of sepsis, with the

same organism in consecutive pregnancies, one E. coli and

the other Group B Streptococcus.

Bacterial organism and antibiotic resistance
Escherichia coli (103 isolates) caused 37.3% of all sepsis

cases: 55% of antenatal, 22% of intrapartum and 42% of

postpartum sepsis episodes. Across the 8-year period,

E. coli antibiotic resistance was as follows: amoxicillin 58%,

co-amoxiclav 15%, piperacillin-tazobactam 2.1%, gentami-

cin 1%; no resistance was detected for third generation

cephalosporins, ciprofloxacin and meropenem. No

extended spectrum beta-lactamase (ESBL) or carbapenem-

resistant Enterobacteriaceae (CRE) were detected in any

maternal BSIs. A comparison of antibiotic resistance in

maternal sepsis versus Irish National sepsis data from the

European Antimicrobial Resistance Surveillance Network

(EARS-Net)26 (Figure S2) indicates that isolates from the

relatively healthy maternal population are significantly less

resistant to antibiotics compared with the wider hospital

patient cohort.

Group B Streptococcus (57 isolates) (GBS) was responsi-

ble for 20.7% of all cases of BSI: 4% of antenatal, 44% of

intrapartum and 9% of postpartum infections. These iso-

lates were all susceptible to penicillin and vancomycin,

whereas 11% were resistant to clindamycin. During the

study period, clindamycin resistance increased from 0% in

2005–2008 to 19% in 2009–2012.

Anaerobic bacteria (22 isolates with one mixed infection)

caused 8.3% of BSIs. Anaerobes accounted for 9% of ante-

natal, 8% of intrapartum and 8% of postpartum BSIs. The

frequency of anaerobic infection declined from 17 cases

between 2005 and 2008, with only five cases occurring

between 2009 and 2012. All anaerobes were sensitive to

metronidazole.

Staphylococcus aureus (21 isolates) caused 7.6% of BSIs:

9% of antenatal, 5% of intrapartum and 9% of postpartum

Table 3. Fetal outcome following maternal sepsis in the three

trimesters

Live born and

discharged home

Early

neonatal

death

Stillbirth Miscarriage Total

First trimester: 7 cases

3 0 0 4 7

Second trimester: 23 cases

3 2 0 18 23

Third trimester: 240 cases

232 1 7 Not

applicable

240
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infections. There were two methicillin-resistant S. aureus

(MRSA), both in 2007, within the same hospital. All iso-

lates were sensitive to vancomycin and gentamicin, and

9.5% were resistant to flucloxacillin (MRSA) and 14% were

resistant to clindamycin.

Enterococcus faecalis (13 isolates) accounted for 4.7% of

all BSI’s: 4% of antenatal, 5% of intrapartum and 5% of

postpartum infections. All isolates were susceptible to

amoxicillin and vancomycin. There were no isolates of the

more antibiotic-resistant Enterococcus faecium.

Group A Streptococcus (12 isolates) were responsible for

4.3% of BSIs. There were no antenatal infections attribut-

able to this organism. However, Group A Streptococcus

accounted for 2% of intrapartum and 8% of postpartum

sepsis events. All isolates were sensitive to penicillin and

vancomycin; 16.7% were resistant to clindamycin. Six of

the Group A Streptococci underwent ‘m protein’ gene typ-

ing (emm) with the following results: in two cases emm

type 1.0 and in one case each emm 12, emm 2.0, emm 75.0

and emm untypeable, but T-type 5.

Discussion

Main findings
The maternal sepsis rate found was 0.18%, consistent with

reported rates of 0.1–0.3% for developed countries.8,9,11,12

The risk of sepsis increased more than two-fold with the

commencement of labour, and there was a three-fold

increased risk during the puerperium, as compared with

the antenatal period. Maternal sepsis was associated with a

2.81-fold risk of preterm birth and a 5.78-fold risk of peri-

natal mortality compared with the non-septic population.

The organisms linked to maternal sepsis varied at different

stages of pregnancy (Table 1). Overall, E. coli was the pre-

dominant pathogen, accounting for 37% of all sepsis cases:

55% of antenatal, 22% of intrapartum and 42% of postpar-

Table 4. Organisms linked to fetal loss

% fetal demise per sepsis case Escherichia

coli

Group B

Streptococcus

Anaerobes Haemophilus

influenzae

Other

First trimester: 7 sepsis cases; four fetal loss

57.1% (95% CI 25.1–84.2) 3 0 1 0 0

Second trimester: 23 sepsis cases; 20 fetal loss

87% (95% CI 67.9–95.5) 8 2 2 3 5*

Third trimester: 240 sepsis cases; eight fetal loss

3.3% (95% CI 1.7–6.4) 5 1 0 0 2**

*One case each of: Proteus mirabilis, Enterobacter species, Enterococcus faecalis, Streptococcus milleri and Listeria monocytogenes.

**One case each of: Staphylococcus aureus and Streptococcus gallolyticum.

Table 5. Caesarean section or instrumental delivery in sepsis cases versus controls. Mode of delivery of women with intrapartum and postpartum

sepsis and comparison with the control population

Intervention Sepsis cases

(n = 98)

Control population

(n = 136 625)

Statistical significance

Intrapartum sepsis

Caesarean section 42.9% (95% CI 33.5–52.7) 22.3% (95% CI 22.1–22.5) P < 0.0001

Instrumental delivery 26.5% (95% CI 18.8–36.0) 15.1% (95% CI 14.9–15.3) P = 0.0023

Caesarean section or instrumental 69.4% (95% CI 59.7–77.4) 37.4% (95% CI 37.1–37.7) P < 0.0001

Intervention Sepsis cases

(n = 127)

Control population

(n = 136 625)

Statistical significance

Postpartum sepsis

Caesarean section 44.1% (95% CI 35.8–52.8) 22.3% (95% CI 22.1–22.5) P < 0.0001

Instrumental delivery 21.3% (95% CI 15.0–29.2) 15.1% (95% CI 14.9–15.3) P = 0.0686

Caesarean section or instrumental 65.4% (95% CI 56.7–73.1) 37.4% (95% CI 37.1–37.6) P < 0.0001
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tum cases. Group B Streptococcus was the dominant intra-

partum pathogen, accounting for 44% of those cases, but

was relatively uncommon during the antenatal and postna-

tal period. Group A Streptococcus was primarily detected

during the first postnatal week following term vaginal

delivery.

Strengths and limitations
This is the first prospective multicentre study of maternal

sepsis within Ireland covering 24.4% of national births over

an 8-year period. Sepsis at all stages of pregnancy and the

puerperium are included. Many studies only focus on peri-

natal sepsis or monitor for <42 days postpartum.9,11,12,15,27

All authors were in practice in their respective hospital for

the duration of the study. Data are complete, with minor

exceptions as stated and are related solely to pregnancy and

the puerperium. Neonatal morbidity and mortality are

underestimated as data regarding late neonatal death and

admission to a neonatal unit were not collected.

Interpretation
Maternal death from sepsis is a rare event. The direct

maternal mortality during the study period was zero and

there was one late indirect maternal death, giving an overall

rate of 0.67/100 000 maternities, or a 0.37% case fatality

rate. This compares favourably with the UK and Nether-

lands direct mortality rates of 1.13 and 0.73 per 100 000

births, respectively.2,7 However, caution is required when

comparing deliveries in only two tertiary referral centres

with those in larger national surveys.

Sepsis at any stage of pregnancy can be serious and

potentially life-threatening, as evidenced by ICU (2.6%)

and HDU (11.7%) admissions. Escherichia coli was the

commonest organism isolated from women admitted to

augmented care, 16/37 (43%). All women admitted to ICU

with E. coli infection developed preterm sepsis during preg-

nancy. Although Group A Streptococcus was isolated from

only 12 women during the study period, four of them

(33%) required admission to augmented care, highlighting

the virulence of this pathogen. The other organism linked

to an ICU admission was S. aureus. None of the 56 women

with Group B Streptococcus sepsis required ICU admission

and only four (7%) required HDU admission, highlighting

the lower virulence of this organism in an obstetric

population.

Pregnancy loss was a frequent outcome of maternal sep-

sis, occurring in 32/272 cases (11.8%) and varied with the

gestation (Tables 3 and 4). Fetal and neonatal loss was

highest when sepsis occurred in the first or second trimes-

ter, 24/30 (80%), as compared with 8/240 (3.4%) in the

third (OR = 116; 95% CI 33.12–438.86) (P < 0.001). How-

ever, the source of the infection was also an important fac-

tor in pregnancy loss. Fetal and neonatal loss was highest

when sepsis was of genital tract origin, 27/166 (16%), com-

pared with any other source, 5/106 (4.7%) (OR = 3.92;

95% CI 1.37–12.05) (P < 0.01). As might be expected, gen-

ital tract infection was least likely during the antenatal per-

iod (19/46; 41.3%) but all 19 women affected at this time

miscarried and delivered within 24 hours of onset of sepsis.

Pregnant women with confirmed sepsis, particularly in the

first and second trimesters, should be counselled regarding

the high perinatal mortality rate.

The main organisms responsible for fetal/neonatal loss

are E. coli, Group B Streptococcus, anaerobic bacteria and

H. influenzae. These account for 186/272 (68.4%) of all

maternal sepsis episodes and 25/32 (78.1%) of all fetal/neo-

natal deaths. Escherichia coli, Group B Streptococcus and

anaerobic bacteria are common maternal pathogens,9,11

although Group B Streptococcus has become less prevalent

where universal microbiological screening has been imple-

mented.12 Only four cases of H. influenzae sepsis were

identified that were secondary to genital tract infection

during pregnancy. Three cases were associated with second

trimester fetal loss (Table 4). Haemophilus influenzae is

known to be associated with an increased risk of invasive

infection during pregnancy, fetal loss and preterm birth.28

As expected, obstetric intervention, either caesarean sec-

tion or an instrumental delivery, was high at 69.4% when

sepsis occurred during the intrapartum period. However,

obstetric intervention during labour (65.4%) is also a risk

factor for postpartum sepsis as compared with normal

vaginal delivery.

The low rate of multidrug-resistant organisms contrasts

starkly with the wider hospital population in Ireland26 and

most likely reflects the younger age and relative lack of

chronic health problems among the obstetric population.

However, older maternal age and the increasing incidence of

type 2 diabetes among affluent populations may cause a shift

in this antibiotic susceptibility pattern. The fact that both

maternity hospitals are stand-alone and not part of a general

hospital campus may be another contributory factor.

The literature provides a wealth of data on the incidence

of Group A Streptococcus infection within the general pop-

ulace.29–31 In contrast, there is a paucity of data pertaining

to rates of Group A Streptococcus infection during preg-

nancy. An American study which surveyed 248 480 births

to determine the incidence of invasive Group A Streptococ-

cus (iGAS) infection during the first 30 days postpartum

identified a rate of 6/100 000 deliveries.27 The overall rate

of iGAS in our study is 8.76/100 000 deliveries, with a

postpartum rate of 7.3/100 000 deliveries, which is similar

to the American rate. The Strep-Euro surveillance project

linked puerperal sepsis to 16 different serotypes.30 The pre-

dominant serotypes were emm 28 (31%) and emm I

(16%). Six of our isolates were typed but no emm 28

strains were detected, and there were two emm I strains.
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There were only two L. monocytogenes infections

throughout the study, which is lower than expected in a

pregnant population. This may reflect Irish dietary prefer-

ences or an improved food safety culture. There were 22

anaerobic infections; 17 of these infections occurred during

the first half of the study period. Why there should be only

five anaerobic sepsis events in 2009–2012 is unclear. There

may be a greater awareness among clinicians regarding

antibiotic cover for anaerobic infection.

International agreement regarding definitions of infection

and denominator data would facilitate meaningful compari-

sons within the obstetric literature. The World Health Orga-

nization defines stillbirth as a fetal death late in pregnancy;

however, the gestational age at which a fetal death is consid-

ered a stillbirth varies from 16 to 28 weeks’ gestation inter-

nationally.22,23,32 Sepsis may occur at any stage of pregnancy,

even prior to fetal viability, and denominator data should

include all pregnant women regardless of gestational age.

Conclusions

Maternal sepsis is associated with significant morbidity.

Almost 14% of cases require admission to augmented care,

there is a 2.81-fold risk of preterm birth and a 5.78-fold

risk of perinatal mortality. First and second trimester geni-

tal tract infection invariably results in fetal loss. The most

prevalent organisms are E. coli and Group B Streptococcus,

although the most virulent organisms are E. coli associated

with preterm sepsis and Group A Streptococcus linked to

postpartum sepsis. Standardised international definitions

would facilitate comparisons.
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Abstract
Objective. To assess incidence and risk factors of maternal mortality and severe morbidity from sepsis in the Netherlands.
Design. A nationwide confidential enquiry into maternal mortality from 1993 to 2006 and severe maternal morbidity from
2004 to 2006. Setting. All 98 Dutch maternity units in the Netherlands. Population. All pregnant women in the Netherlands
from 1993 to 2006. Methods. All reported cases of maternal death from sepsis during 1993�2006 were reported to the
Maternal Mortality Committee. Cases of severe maternal morbidity from sepsis from 2004 to 2006 were collected in a
nationwide design. Main outcome measures. Incidence, case fatality rates, and possible risk factors. Results. The maternal
mortality ratio from direct maternal mortality from sepsis was 0.73 per 100,000 live births (20/2,742,265). The incidence of
severe maternal morbidity from sepsis was 21 per 100,000 deliveries (78/371,021), of which 79% was admitted to the
intensive care unit. High age, multiple pregnancies, and the use of artificial reproduction techniques were significant risk
factors for developing sepsis in univariate analysis. The overall case fatality rate for sepsis during 2004�2006 was 7.7%
(6/78). Group A streptococcal infection was in 42.9% (9/21), the cause of direct maternal mortality from sepsis (1993�
2006). In 31.8% (14/44), Group A streptococcal infection was the cause of obstetric morbidity from sepsis (2004�2006).
Conclusions. With a case fatality rate of 7.7%, sepsis is a life threatening condition for women during pregnancy, childbirth,
and puerperium.

Key words: Maternal morbidity, maternal mortality, genital tract sepsis, the Netherlands

Introduction

Sepsis was the most frequent underlying cause of

maternal mortality in the 19th century, responsible

for 50% of all cases (1). Semmelweis (1818�1865)

was the first to acknowledge the infectious nature of

the disease. He initiated washing hands between all

clinical activities during childbirth which resulted in a

great mortality fall in Vienna from 9 to 3% in one year

due to a reduction of puerperal sepsis (2,3). The

introduction of anti and asepsis, improved socio-

economic circumstances, and the introduction of

antibiotics caused a sustained fall in deaths until

1980 (4�6). Since 1988 there has been an interna-

tional rise in obstetric sepsis which is thought to be

caused by a declining immune defense mechanism of

the population and a higher virulence of Group A

streptococcal infections (GAS; Streptococcus pyogenes)

which most frequently causes obstetric sepsis (7�9).

Schuitemaker et al. (7) reported a significantly higher

maternal mortality ratio (MMR) due to genital tract

sepsis in the Netherlands in the period 1988�1992 as

compared to 1983�1987 (RR10.1, 95% CI 1.3�82.3).

We aimed to assess maternal mortality from sepsis in

the period thereafter. We also assessed severe mater-

nal morbidity from sepsis in a two-year period from
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2004 to 2006. For every single death there are a

number of women who suffer serious morbidity as a

result of sepsis. Obstetric and non-obstetric causes of

pregnancy-related sepsis were analyzed.

Material and methods

All reported cases of maternal death from sepsis

during a 14-year period from 1993 to 2006 and cases

of severe maternal morbidity from sepsis during a

two-year period from 2004 to 2006 in the Netherlands

were included.

Maternal mortality

Cases of maternal death are voluntarily reported by

obstetricians, midwives, and general practitioners to

the Maternal Mortality Committee (MMC) of the

Dutch Society of Obstetrics and Gynecology. Addi-

tional cases are collected after a cross-check with the

vital statistics data collected by Statistics Nether-

lands (Central Bureau of Statistics, CBS) (10).

Maternal deaths were classified into three groups.

Group I represents direct maternal mortality from

obstetric or genital tract sepsis according to the

WHO definitions International Classification of

Diseases (ICD-10) (11). Group II represents direct

maternal mortality from other causes than obstetric

sepsis where sepsis, however, played a role in the

chain of events or was the mode of death. Group III

represents indirect maternal mortality where non-

obstetric infections complicated by sepsis were

classified as the underlying cause of death. The

MMR is the number of deaths from sepsis within 42

days after termination of pregnancy per 100,000 live

births. Late maternal mortality is defined as death

more than 42 days but less than one year after

termination of pregnancy.

Maternal morbidity

Cases of severe maternal morbidity were collected in

a nationwide design (the National study of Ethnic

determinants of Maternal Morbidity in the Nether-

lands (LEMMoN) study), a prospective population-

based cohort study in which all 98 maternity units in

the Netherlands participated (12). In the LEMMoN

study, severe maternal morbidity was defined as (1)

intensive care unit (ICU) admission, (2) uterine

rupture, (3) eclampsia, (4) major obstetric hemor-

rhage (at least four units of blood were transfused),

and (5) any case the clinician considered to be severe

morbidity. Cases of maternal sepsis were included

based on either admission to an ICU for that reason

(category (1)) or on clinical diagnosis in category (5).

Cases were divided in maternal morbidity from

obstetric to non-obstetric sepsis. The LEMMoN

study was centrally approved by the medical ethics

committee of Leiden University Medical Center. The

number of deliveries in the Netherlands during the

exact study period and national reference values for

possible risk factors for severe maternal morbidity

were obtained from Statistics Netherlands and the

national perinatal database (LVR-2) (10,13). Case

fatality rates were calculated by dividing the number

of deaths from sepsis by the total number of women

with sepsis.

Results

Maternal mortality

In the period 1993�2006, 350 cases of maternal

death were reported to the MMC, of which 245 were

direct maternal deaths (late maternal deaths in-

cluded). Direct maternal death from sepsis occurred

in 21 women, one of which occurred more than 42

days postpartum (Group I; Table I). In the period

1993�2006 there were 2,742,265 live births;

1,363,689 between 1993�1999 and 1,378,576

between 2000 and 2006. This corresponds to a

MMR from sepsis of 0.73 per 100,000 live births

(20/2,742,265). The proportion of deaths in the first

period (1993�1999) was similar to the second period

(2000�2006) with a MMR of 0.73 (10/1,363,689)

and 0.73 (10/1,378,576).

Sixteen out of 21 cases were reported to the MMC

and detailed information was obtained for the

enquiry (Group I; Table I). In five cases, only data

from Statistics Netherlands were available and a

request to report further information to the MMC

remained unanswered. In 11 women, death was

direct but from other causes. In these cases, how-

ever, sepsis played a role in the mode of death

(Group II; Table I). In six of these 11 women the

underlying cause was pre-eclampsia and/or Hemo-

lysis Elevated Liver enzymes and Low Platelets

(HELLP) syndrome. Furthermore, 13 women died

due to indirect causes where non-obstetric infections

were the underlying cause (Group III, Table I). Five

of these had meningitis.

Characteristics of the 16 women who died directly

from sepsis are shown in Table II. The mean age was

30 years (range 21�35 years). Four of them were from

ethnic minorities (25%). One woman was infected

with human immunodeficiency virus (HIV). Another

woman had been physically abused and had delivered

two earlier stillbirths. The other 14 women (88%)

had uneventful medical histories.
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Only seven children survived (44%). Nine out of

16 women developed sepsis intra- or postpartum.

Eight women (50%) had one or more risk factors.

Nine women (56%) were admitted to an ICU.

Substandard care analysis revealed a delay in

diagnosis and/or treatment in six women (38%),

two women did not receive sufficient antibiotic

treatment and one patient was discharged in poor

condition. In the other seven women no substandard

care was noted.

Overall, the course of events was relatively short.

Eight women (50%) developed sepsis within 24

Table I. Classification and cause of sepsis between 1993 and 2006.

n Percentage (%) Cause

Maternal mortality 1993�2006

I Direct maternal mortality from sepsis 21 47 Genital tract infections (21)

II Direct maternal mortality from other causes than sepsis 11 24 PE/HELLP (6)

where sepsis played a role in mode of death Othera (5)

III Indirect maternal mortality where non-obstetric 13 29 Meningitis (5)

sepsis played a role in mode of death Cardiomyopathy (2)

Urosepsis (2)

Otherb (4)

Maternal morbidity 2004�2006

I Obstetric sepsis 44 56 Genital tract infections (44)

II Non-obstetric sepsis 34 44 Urosepsis (11)

Pneumonia (6)

Appendicitis (5)

Meningitis (2)

Otherc (10)

Note: PE/HELLP: pre-eclampsia and/or HELLP syndrome.
aPostpartum hemorrhage, acute fatty liver of pregnancy, perforation at D&C, tubo-ovarian abscess, and secondary bleeding after cesarean

section.
bAppendicitis, mycotic aneurysm, clostridium necroticans, and systemic lupus erythematosus.
cSickle cell crisis, pancytopenia, mesenterial thrombosis, Munchhausen syndrome, poisoning, cholangitis, pancreatitis, wound infection,

Clostridium necroticans and cardiomyopathy.

Table II. Clinical features of 16 cases with direct maternal mortality due to sepsis (arranged by moment of infection).

Age P GA (weeks) Risk factor Interval (hours) MOD Condition of child

Before abortion

29 0 14 � 24�48 Vag Abortion

Antepartum

34 2 21 Cerclage, PROM B24 Vag Immature

21 0 23 Pt delay, physical abuse Vag Immature

34 1 29 � B24 CS Fair

31 2 35 � B24 � Stillbirth

33 1 37 � B24 Vag Stillbirth

35 1 38 � B24 � Stillbirth

Intrapartum

24 1 26 Cerclage, CS B24 CS Neonatal death

30 1 34 � B24 (PM)CS Neonatal death

Postpartum

30 2 33 PROM, retained placenta B24 Vag Good

29 1 35 Placental abruption 24�48 Vag Stillbirth

25 0 38 CS 48�72 CS Good

33 2 38 PROM 24�48 Vag Good

35 0 39 CS �72 CS Good

31 2 40 � �72 Vag Good

29 3 40 � 24�48 Vag Good

Notes: P, parity; GA, gestational age (weeks); Interval, interval between first signs of infection and severe sepsis; MOD, mode of delivery;

PROM, prelabor rupture of membranes; (PM)CS, (peri mortem) cesarean section; Vag, vaginal birth.
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hours after the first signs of infection, of whom six

died within 24 hours and two within 48 hours. In five

women, sepsis developed between 24 and 72 hours,

three of them died within 24 hours and two within

48 hours. Two women had symptoms for a week or

even longer, they both died the same day they

developed full-blown sepsis. The patient who was

physically abused died within two hours after arriv-

ing in hospital. It is unknown how long she had signs

and symptoms.

Sepsis was complicated by acute respiratory dis-

tress syndrome and multi-organ failure in seven

women (44%), six developed disseminated intravas-

cular coagulation (38%), and one had massive

pulmonary hemorrhage (6%). In two women,

mode of death was unknown and autopsy was not

performed. One woman died at home, the other 15

died in hospital.

In seven patients, sepsis was caused by GAS. In

two other women, GAS was suspected but unpro-

ven. Five patients had Escherichia coli cultured. Data

for two data were unavailable.

In the 11 cases where death was direct but from

other causes where sepsis played a role (Group II;

Table I), four women had cesarean section and two

induction of labor. There were no other risk factors

for sepsis like prelabor rupture of membranes or

retained placenta.

Maternal morbidity

In the period of August 2004�August 2006, severe

maternal morbidity was reported in 2,552 cases

(12). Sepsis was reported in 78 cases, corresponding

with an incidence of 2.1 per 10,000 deliveries. Sepsis

was classified as obstetric in 44 cases (58%) and

Table III. Characteristics of women with severe maternal morbidity from sepsis.

LEMMoN 2004�2006

N Percentage (%) The Netherlandsa (%)

Patient

Age

B20 years 3 3.8 1.2

20�40 years 71 91.0 95.3

]40 years 4 5.1 3.5

Socio-economic status indicator

Low 26 33.3 NA

Middle 22 28.2 NA

High 22 28.2 NA

Unknown 8 10.3

Body mass index (BMI)

B25.0 25 32.1 68.3

25.0�29.9 (overweight) 12 15.4 22.6

]30.0 (obese) 6 7.7 9.1

Unknown 35 44.9

Geographical ethnic origin

Western 61 78.2 83.2

Non-Western 15 19.2 16.8

Unknown 2 2.6

Pregnancy

Singleton pregnancy 70 89.7 98.3

Twin pregnancy 8 10.2 1.7

Parity 0 33 42.3 45.2

Parity 1�3 43 55.1 49.8

Parity�3 1 1.3 5.0

Unknown parity 1 1.3

Mode of delivery

Spontaneous 42 53.8 77.4

Ventouse/forceps 6 7.7 8.6

Cesarean section 27 34.6 14.0

Otherb 3 3.8

Note: NA, data not available.
aNational reference values from Statistics Netherlands (exact study period) and The Netherlands Perinatal Registry (LVR-2, 2005).
bVersion and extraction, primary breech extraction, D&C.
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non-obstetric in 34 cases (42%). Sixty-two cases

(79%) were admitted to an ICU. The age of women

ranged from 16 to 42 years (mean 32 years). Thirty-

three were primigravid, 40 had one or two children

and four had three or more children, and one is

unknown. There were eight twin pregnancies. Char-

acteristics of the women are shown in Table III. In

17 women (21.8%), sepsis occurred before 26 weeks

of gestation of which eight before or after miscar-

riage. In 17 women (21.8%), sepsis occurred ante-

partum after 26 weeks of gestation, eight (10.3%)

intrapartum and in 36 (46.2%) postpartum.

Of the 36 patients who developed sepsis post-

partum, 28 (77.8%) had one or more risk factors.

Cultures revealed GAS in 14 out of 44 women

who suffered from obstetric sepsis and E. coli in five

women. In two patients cultures were not specified,

one showed streptococci, the other gram-negative

bacillus. In eight women other causal pathogens

were identified (Streptococcus Group B, G and

Streptococcus oralis, Staphylococcus aureus, Citrobacter,

and Fusobacterium). In three patients cultures re-

mained negative, in the other cases data were

unavailable or tests were not performed. Clinical

features are shown in Table IV.

The most frequent diagnoses in women with non-

obstetric sepsis were urosepsis (n�11; 14%), pneu-

monia (n�6; 8%), and appendicitis (n�5; 6%).

In 18 women, sepsis occurred as a complication of

surgery. Two appendectomies were complicated by

perforation of the colon, one termination of preg-

nancy was complicated by uterine perforation, and

15 women had cesarean section preceding sepsis of

which one was complicated by wound dehiscence.

Women suffering from obstetric sepsis were more

often admitted to the ICU (n�36; 81.8%) as

compared to non-obstetric sepsis (n�25; 73.5%),

but their hospital stay was shorter. Length of stay

ranged from 1 to 45 days for obstetric sepsis (median

10 days) and four to 64 days (median 19 days) for

non-obstetric sepsis.

Risk factors

In women with multiple pregnancy or artificial

reproduction techniques, the risk of developing sepsis

was significantly higher with relative risks of 6.5 (95%

CI 2.9�13.9) and 5.8 (95% CI 2.5�13.6), respectively

(Table V). Women aged over 35 and overweight

women had a relative risk of 1.6 (95% CI 1.0�2.6)

and 1.6 (95% CI 0.9�2.8). Cesarean section is a risk

factor for developing sepsis (RR 3.1; 95% CI 2.6�
10.0). Regarding women who developed sepsis post-

partum, 42.9% had cesarean section. There were no

differences in age and ethnicity between women with

obstetric and non-obstetric sepsis. Women with non-

obstetric morbidity had a significantly higher BMI

than women with obstetric sepsis (RR 2.3; 95% CI

1.1�4.7). Interval between the first symptoms of

infection and full-blown sepsis was less than 24 hours

in 39.0% of obstetric sepsis patients as compared to

22.6% in patients with other causes of sepsis (RR 1.5;

95% CI 0.9�2.2).

Case fatality rates

In the period August 2004�August 2006 six women

died; two direct maternal deaths due to GAS infec-

tion and four maternal deaths from other causes

where sepsis played a role. The overall case fatality

rate for sepsis was 7.7% (6/78). Case fatality rate for

patients admitted to the ICU was 9.7% (6/62),

for obstetric sepsis 8.1% (3/37) and 12.2% (3/25)

for non-obstetric sepsis. The case fatality rate for

GAS sepsis was 14.3% (2/14). The case fatality rate

for women developing first signs of infection ante-

partum was 11.2% (5/42), whereas developing first

signs of infection postpartum had a case fatality rate

of 2.8% (1/36).

Discussion

In contrast to the rise of obstetric sepsis in the

previous period (MMR of 0.11�0.93 from 1983�
1987 to 1988�1992) (7) the incidence remained

stable between 1993 and 2006 with a MMR of 0.73.

The MMR in the Netherlands is comparable with

the MMR in the UK (0.74 in 1994�2002) (14). As

Table IV. Clinical features of severe maternal morbidity from

sepsis.

n Percentage (%)

Moment of infection

B26 weeks of gestation 17 21.8

Antepartum 17 21.8

Intrapartum 8 10.3

Postpartum 36 46.2

Intervala

B24 hours 30 38.5

24�48 hours 13 16.7

]48 hours 18 23.1

Unknown 17 21.8

Surgical intervention

Appendectomy 2 2.6

D&C 2 2.6

Cesarean sectionb 26 33.3

Retained placentac 14 17.9

None 34 43.6

aInterval between first signs of infection and full-blown sepsis.
bIn 11 cases sepsis was already present before cesarean section.
cIn five cases sepsis was already present before curettage or

manual placenta removal.

Maternal sepsis in the Netherlands 651



the LEMMoN study is the first nationwide survey of

maternal morbidity in the Netherlands, and by far

the largest in the literature, the incidence of maternal

morbidity in the past is unknown. The incidence of

severe sepsis of 0.2/1,000 is within the range of the

only other three surveys of maternal morbidity in

Western countries in which incidences of 0.4/1,000

in South-West England, 0.2/1,000 in the USA, and

0.1/1,000 in Scotland were reported (15�17).

With a case fatality rate of 14.3% and a rapid

course of events, GAS is a lethal pathogen. A long-

term surveillance of GAS in the Netherlands showed

a peak in the incidence among patients aged 30�34

years (18). A GAS sepsis often requires ICU

admission, in this study 12 of the 14 (86%) GAS

cases were admitted to an ICU. In a 12-year review

of all cases of ICU admission in a Dutch tertiary care

center, there were five deaths among 55 cases of

sepsis, case fatality rate being 9.1%. Thirty-six of

these cases were classified as obstetric sepsis (19).

A limitation of this study is that sepsis was not a

pre-defined inclusion criterion in the severe morbid-

ity study. Serious cases, however, are generally

admitted to an ICU which was a predefined inclu-

sion criterion. Therefore, data collection may be

incomplete and this report only represents a mini-

mum incidence of morbidity due to sepsis. No

adjustments for confounding variables could be

made, because we only had aggregated national

reference data.

Although an important cause of maternal death

worldwide, maternal death and severe maternal

morbidity related to abortion is very rare in the

Netherlands. However, since we report here two

cases of maternal death and eight cases of severe

maternal morbidity before 17 weeks of gestational

age, signs of sepsis in early pregnancy should still be

taken seriously and the potential lethality of the

situation be considered.

For many countries it is a challenge to lower the

case fatality rate of maternal sepsis. GAS has a

notoriously high case fatality rate, but this study

shows that maternal mortality and severe maternal

morbidity due to causes other than genital tract

sepsis where sepsis played a significant role had high

or even higher incidences of maternal morbidity and

mortality as well. Early treatment with antibiotics is

recommended in case of suspicion. In case of sepsis,

early admission to an ICU should be considered

because of the risk of rapid deterioration with

respiratory insufficiency and multi-organ failure.
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Bacterial Sepsis following Pregnancy

This is the first edition of this guideline.

1. Purpose and scope

The purpose of this guideline is to provide guidance on the management of sepsis in the puerperium (i.e. sepsis
developing after birth until 6 weeks postnatally), in response to the findings of the Centre for Maternal and Child
Enquiries (CMACE) Eighth Report on Confidential Enquiries into Maternal Deaths in the United Kingdom.1

This topic is particularly relevant as there has been a dramatic rise in maternal deaths attributable to group A
beta-haemolytic streptococci (GAS) (three in 2000–20022 and 13 in 2006–2008).1 The most common site of
sepsis in the puerperium is the genital tract and in particular the uterus, resulting in endometritis. This
guideline covers the recognition of febrile bacterial illness in the postpartum period – including postabortion
sepsis – arising in the genital tract or elsewhere, investigations to identify and characterise sepsis in the
puerperium, and management strategies. The population covered includes women in the puerperium (i.e.
within 6 weeks of giving birth) with suspected or diagnosed bacterial sepsis in primary or secondary care.
Sepsis in pregnancy is covered by a parallel guideline. Sepsis arising owing to viral or parasitic agents is
outside the scope of this guideline. This guideline excludes mild to moderate illness in primary care. 

2. Background and introduction

Despite significant advances in diagnosis, medical management and antimicrobial therapy, sepsis in the
puerperium remains an important cause of maternal death, accounting for around 10 deaths per year in the
UK.1 Severe sepsis with acute organ dysfunction has a mortality rate of 20–40%, rising to around 60% if
septicaemic shock develops.3

Sepsis may be defined as infection plus systemic manifestations of infection; severe sepsis may be defined as
sepsis plus sepsis-induced organ dysfunction or tissue hypoperfusion. Septic shock is defined as the
persistence of hypoperfusion despite adequate fluid replacement therapy.3

Symptoms of sepsis (see section 7) may be less distinctive than in the non-pregnant population and are not
necessarily present in all cases; therefore, a high index of suspicion is necessary.

Disease progression may be rapid. Genital tract sepsis may present with constant severe abdominal pain and
tenderness unrelieved by usual analgesia, and this should prompt urgent medical review.1

3. Identification and assessment of evidence

This guideline was developed in accordance with standard methodology for producing RCOG Green-top
Guidelines. The Cochrane Database of Systematic Reviews, DARE, EMBASE, Medline and PubMed (electronic
databases) were searched for relevant randomised controlled trials, systematic reviews and meta-analyses. The
search was restricted to articles published between 1980 and May 2011. Search terms included: ‘postpartum
sepsis’, ‘postpartum infection’, ‘septic shock, postpartum’, ‘puerperal sepsis’, ‘puerperal pyrexia’, ‘puerperal
fever’, ‘genital tract sepsis’, ‘bacterial sepsis’, ‘toxic shock’, ‘activated protein C and postpartum’, ‘Streptococcus
infection and puerperium’, ‘group A streptococcus’, ‘Streptococcus pyogenes’, ‘beta haemolytic Streptococcus
and puerperium’. The search was limited to humans and the English language. The National Library for Health
and the National Guidelines Clearing House were also searched for relevant guidelines and reviews. Studies
relevant to the scope of the guideline were selected by the members of the guideline development group.
Where possible, recommendations are based on available evidence. Areas lacking evidence are highlighted
and annotated as ‘good practice points’ (tick). 
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4. Who is at increased risk of sepsis in the puerperium?

Multiple risk factors for maternal sepsis have been identified by CMACE (Table 1).1,2 Many of those who died
in the UK CMACE survey 2005–2008 had one or more risk factors. 

Table 1. Risk factors for maternal sepsis as identified by the Confidential Enquiries into Maternal Deaths1,2

Obesity

Impaired glucose tolerance / diabetes

Impaired immunity / immunosuppressant medication

Anaemia

Vaginal discharge

History of pelvic infection

Amniocentesis and other invasive procedures

Cervical cerclage

Prolonged spontaneous rupture of membranes

Vaginal  trauma, caesarean section, wound haematoma

Retained products of conception

GAS infection in close contacts / family members

Black or minority ethnic group origin

Another recognised risk factor for sepsis in the puerperium is acquisition or carriage of invasive organisms,
especially GAS.1,2,4,5

5. What are the common organisms causing sepsis in the puerperium, including hospital-
acquired infection? 

The major pathogens causing sepsis in the puerperium are:
� GAS, also known as Streptococcus pyogenes
� Escherichia coli
� Staphylococcus aureus
� Streptococcus pneumoniae
� meticillin-resistant S. aureus (MRSA), Clostridium septicum and Morganella morganii.

GAS is increasingly causing invasive infections worldwide and was directly responsible for 13 of the 29 maternal
deaths from infection in the UK during 2006–2008.1

Since the 2003–2005 survey,2 MRSA carriage and infection has increased worldwide, with rates of 2.1%
reported in mothers in the puerperium in the USA.6 The CMACE report identified one maternal death from
Panton–Valentine leukocidin (PVL)-producing MRSA following caesarean section.1

Gram-negative bacteria that produce extended-spectrum beta-lactamases (ESBL) are an increasingly common
cause of co-amoxiclav- and cephalosporin-resistant urinary tract infections and caused one of the maternal
deaths in the CMACE report.1 Since 2003, the UK incidence of ESBL-producing bacteria has increased to more
than 12% of coliform bacteria. This may have implications for use of cephalosporins for infections in penicillin-
allergic women. Clostridium spp. remain uncommon causes of death from sepsis in the puerperium, with one
case of C. septicum reported post-termination of pregnancy.1

6. What are the likely causes of sepsis outside the genital tract and how might they be identified?

A general history and examination should be carried out to try and identify the source of sepsis.

Women should be assessed clinically and, if unwell or with dehydration or vomiting, admission should
be considered.
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Mastitis, urinary tract infection, pneumonia, skin and soft-tissue infection, gastroenteritis and pharyngitis are
likely causes of sepsis other than the genital tract. Rarer causes include bacterial meningitis.

6.1 Mastitis 

Mastitis is easily overlooked clinically, but may lead to breast abscesses,7–10 necrotising fasciitis1,10 and toxic
shock syndrome.1,10 During 2005–2008, two women died of mastitis-related sepsis, one with necrotising
mastitis attributable to GAS and the other with S.aureus.1 Outbreaks of PVL-producing MRSA in neonatal units
have been associated with maternal carriage and vertical transmission during breastfeeding.11,12 Immediate
referral to hospital is indicated if the woman with mastitis is clinically unwell, if there is no response to oral
antibiotics within 48 hours, if mastitis recurs or if there are very severe or unusual symptoms.1

6.2 Urinary tract infection

Gram-negative bacterial infections are particularly associated with the urinary tract. Acute pyelonephritis
should be treated aggressively. Although not all women may warrant hospital admission, those with signs of
sepsis, those who are unable to remain hydrated and those who are vomiting should be admitted.13,14 The ESBL-
producing coliforms are resistant to commonly used antimicrobials such as cephalosporins and co-amoxiclav
and may necessitate usage of carbapenems or more unusual intravenous antimicrobials such as colistin. 

Identification of urinary sepsis is primarily clinical but the presence of leucocytes, protein and blood in a mid-
stream specimen of urine may be suggestive of current infection and a specimen should be sent for culture. 

6.3 Pneumonia

Severe pneumonia should be managed in consultation with a respiratory physician and a medical
microbiologist. A beta-lactam antibiotic together with a macrolide antibiotic is used to cover typical and
atypical organisms.15 Haemoptysis may be a feature of pneumococcal pneumonia. Severe haemoptysis and
low peripheral white cell count suggest PVL-associated staphylococcal necrotising pneumonia, which has a
mortality rate of more than 70% in young, fit people.16

Identification of the cause of pneumonia is by submitting a sample of sputum to the laboratory for culture. In
some hospitals a urinary sample may be tested for pneumococcal antigen when sputum is not easily available. 

6.4 Skin and soft-tissue infection 

Any woman with suspected bacterial sepsis should be carefully examined for skin and soft-tissue infection,
particularly looking at intravenous cannulae or injection sites and caesarean or episiotomy wounds. Swabs
should be taken of any discharge. If drains, vascular access devices or other indwelling devices are suspected
as the source of infection, they should be removed as soon as is practicable. The location of intravenous
cannula sites should be recorded and inspected twice daily. Skin and soft-tissue infections are particularly
associated with toxic shock syndromes.5,10,17–20 Recurrent abscess formation, including labial abscesses, is a
feature of PVL-producing staphylococci.21

Septicaemic seeding of streptococci from a uterine focus may give rise to a secondary focus in a limb,
simulating a venous thrombosis.1,20 Early necrotising fasciitis occurs deep in the tissues; therefore, in early
necrotising fasciitis there may be no visible skin changes. As the necrotising process ascends to the skin, late
infection produces blisters and obvious necrosis. The cardinal feature of necrotising fasciitis is of agonising
pain, typically necessitating increasing amounts of strong analgesia culminating in use of opiates.20

Women with suspected thrombosis who are systemically unwell with any features of sepsis should be
examined very carefully. Presence of shock or other organ dysfunction mandates rapid referral to critical care.
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6.5 Gastroenteritis 

Salmonella and Campylobacter rarely cause severe systemic infection and should be managed
symptomatically unless features of bacteraemia are present. Diarrhoea and vomiting may be features of toxic
shock syndrome4,5,10,17–19 together with features of profound sepsis. C. difficile is rare but increasingly found in
obstetric patients.22

6.6 Pharyngitis

Most cases of pharyngitis are viral, but approximately 10% of cases in adults are attributable to GAS. If three
of the four Centor criteria23 (fever, tonsillar exudate, no cough, tender anterior cervical lymphadenopathy) are
present, treatment with an antibiotic is appropriate.

6.7 Infection related to regional anaesthesia

Spinal abscess is a very rare complication after regional anaesthesia in obstetric patients.24,25 The usual
organism responsible is S. aureus, with streptococci, Gram-negative rods and sterile specimens accounting for
15% each.25 It is vital to consider the diagnosis, investigate and treat in a timely manner as permanent spinal
cord or cauda equina damage may result if neural compression is prolonged. 

7. What should prompt recognition of sepsis in the puerperium? 

All health professionals should be aware of the symptoms and signs of maternal sepsis and critical
illness and of the rapid, potentially lethal course of severe sepsis and septic shock. Suspicion of
significant sepsis should trigger urgent referral to secondary care.

Clinical signs suggestive of sepsis include one or more of the following: pyrexia, hypothermia,
tachycardia, tachypnoea, hypoxia, hypotension, oliguria, impaired consciousness and failure to respond
to treatment. These signs, including pyrexia, may not always be present and are not necessarily related
to the severity of sepsis.

Mastitis must never be overlooked. 

Abdominal pain, fever (greater than 38°C) and tachycardia (greater than 90 beats/minute in the
puerperium) are indications for intravenous antibiotics and senior clinical review. 

Non-steroidal anti-inflammatory drugs (NSAIDs) should be avoided for pain relief in cases of sepsis as
they impede the ability of polymorphs to fight GAS infection. 

Sepsis should be considered in all recently delivered women who feel unwell and have pyrexia or hypothermia.1

The common symptoms of sepsis in the puerperium include fever, diarrhoea, vomiting, abdominal
pain, generalised maculopapular rash (staphylococcal or streptococcal sepsis), offensive vaginal
discharge and signs of infection in caesarean wounds.1,2 Evidence level 3

Agonising pain out of proportion to the clinical signs suggests a deep infection, and necrotising
fasciitis/myositis must be considered.9,17,18,20

Table 2 details common symptoms of sepsis in the puerperium.

A pain scoring system is useful in charting progress. Since NSAIDs significantly impede the ability of
polymorphs to fight infection caused by GAS, they should be avoided for pain relief in cases of sepsis.20,26

Evidence
level 3
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Table 2. Common symptoms of sepsis in the puerperium1,2

Fever, rigors (persistent spiking temperature suggests abscess). Beware: normal temperature may be attributable to antipyretics or NSAIDs

Diarrhoea or vomiting – may indicate exotoxin production (early toxic shock)

Breast engorgement / redness

Rash (generalised maculopapular rash)

Abdominal / pelvic pain and tenderness

Wound infection – spreading cellulitis or discharge

Offensive vaginal discharge (smelly: suggestive of anaerobes; serosanguinous: suggestive of streptococcal infection)

Productive cough

Urinary symptoms

Delay in uterine involution, heavy lochia

General – non-specific signs such as lethargy, reduced appetite.

Some cases of sepsis in the puerperium may present initially only with severe abdominal pain, in the absence
of fever and tachycardia.18,19

Any widespread rash should suggest early toxic shock syndrome, especially if conjunctival hyperaemia or
suffusion is present.5,9,17–19 A generalised macular rash is present in most cases of staphylococcal toxic shock
syndrome but in only 10% of cases of streptococcal toxic shock syndrome. Conjunctival suffusion is a classic
sign of toxic shock syndrome.9,18,26 See Appendix 1 for a definition and classification of toxic shock syndrome. 

8. What is the optimum way to monitor women with suspected sepsis in the puerperium?

Monitoring of the woman with suspected severe sepsis or established sepsis should be
multidisciplinary but preferably under the leadership of a single consultant. A senior obstetrician
should be involved, in consultation with an intensivist, microbiologist or infectious disease clinician. 

Regular observations of all vital signs (including temperature, pulse rate, blood pressure and
respiratory rate) should be recorded on a modified early obstetric warning score (MEOWS) chart. 

While MEOWS charts have become widespread since the recommendations of the CEMACH 2 report,
unfortunately there is no standardisation. (An example from the Obstetric Anaesthetists’ Association is available.27)
Swanton et al. have developed a MEOWS chart taking into account the variations in charts used by individual
hospitals.28 Abnormal scores should not just be recorded but should also trigger an appropriate response.1

All women who are unwell during the puerperium require regular and frequent observation. Handover
arrangements should be robust. Regular contact with family members is required. 

9. What infectious disease history/information should be noted? 

Any recent illness or exposure to illness in close contacts, particularly streptococcal infections, should
be noted.

A history of recent sore throat or prolonged (household) contact with family members with known
streptococcal infections (pharyngitis, impetigo, cellulitis) has been implicated in cases of GAS sepsis.1,17,18 In
the CMACE report, five of six women with GAS admitted to hospital with septic shock had a history of recent
sore throat or respiratory infection.1

Intravenous drug misuse carries a high risk of staphylococcal and streptococcal sepsis as well as generalised
immunosuppression of chronic disease, endocarditis and blood-borne viruses.1
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Recent febrile illnesses, especially if associated with chills and rigors, suggest bacteraemia.

Gastrointestinal symptoms such as diarrhoea and vomiting may be attributable to food-borne pathogens, C.
difficile infection or early toxic shock.10,19,20

Prior carriage of or infection with multiresistant organisms such as ESBL-producing Gram-negative bacteria,
vancomycin-resistant enterococci and MRSA should be noted on admission as empirical antimicrobial choice
will be affected in the event of sepsis. Appropriate infection control precautions may need to be instituted.

Any inter-current illness warranting antimicrobials should be noted on admission.

Ingestion of unpasteurised milk products raises the possibility of infection with Salmonella, Campylobacter

or Listeria. Chlamydophila psittaci is acquired by contact with aborting sheep or infected birds or by cross-
infection from washing contaminated clothing. Q fever is caused by Coxiella burnetii after inhalation of
infectious particles from birthing animals or contaminated dust.

Recent foreign travel or hospitalisation abroad is associated with a high carriage rate of multiresistant
organisms and hence should prompt discussions with a microbiologist to ensure isolation procedures and
diagnostic tests are appropriate.

10. What are the appropriate triggers or features of sepsis in the puerperium that should
prompt hospital admission?

Community carers should be aware of the importance of early referral to hospital of recently delivered
women who feel unwell and have pyrexia, and should be aware of the possibility of sepsis in the
puerperium (see Table 2).

If sepsis is suspected in the community, urgent referral to hospital is indicated.

‘Red flag’ signs and symptoms (see below) should prompt urgent referral for hospital assessment and, if the
woman appears seriously unwell, by emergency ambulance: 
� pyrexia more than 38°C
� sustained tachycardia more than 90 beats/minute
� breathlessness (respiratory rate more than 20 breaths/minute; a serious symptom)
� abdominal or chest pain
� diarrhoea and/or vomiting 
� uterine or renal angle pain and tenderness
� woman is generally unwell or seems unduly anxious or distressed.1

Early presentation of sepsis (less than 12 hours post-birth) is more likely to be caused by streptococcal
infection, particularly GAS, and severe continuous pain suggests necrotising fasciitis.1,10,20

Infection must also be suspected and actively ruled out when a recently delivered woman has persistent
vaginal bleeding and abdominal pain. If there is any concern, the woman must be referred back to the
maternity unit as soon as possible.1

The speed of onset or deterioration in symptoms and signs is important. Early treatment with antibiotics,
whether oral or parenteral, may be crucial in determining the outcome. Abdominal pain, fever (greater than
38°C) and tachycardia (greater than 90 beats/minute) are indications for admission for intravenous antibiotics.1

In hospital, high-dose intravenous broad-spectrum antibiotics should be started immediately, without waiting
for the results of investigations, because once infection becomes systemic the woman’s condition can
deteriorate extremely rapidly, with death ensuing within a few hours if untreated.1
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11. What are the appropriate triggers for involvement of other specialties? 

All cases of sepsis in the puerperium should be discussed with a clinical microbiologist or infectious
diseases physician. Appropriate specimens should be sent for urgent examination. Antimicrobials
should be started within 1 hour of recognition of severe sepsis.

Women with previously documented carriage of or infection with multiresistant organisms (e.g. ESBL-
producing organisms, MRSA, GAS or PVL-producing staphylococci) should prompt notification of the
infection control team.

Suspicion of necrotising fasciitis should prompt involvement of intensive care physicians and referral for
surgical opinion, ideally from plastic and reconstructive surgeons if available.22

It is important that the expertise of other specialist teams is sought early in cases of suspected sepsis in the
puerperium. There may be a need to consider infections less commonly seen, and appropriate advice needs
to be sought as early as possible to expedite the appropriate investigations or management.

12. What investigations should be performed? 

Blood cultures are the key investigation and should be obtained prior to antibiotic administration;
however, antibiotic treatment should be started without waiting for microbiology results.

Serum lactate should be measured within 6 hours of the suspicion of severe sepsis to guide
management. Serum lactate ≥ 4 mmol/l is indicative of tissue hypoperfusion.

Any relevant imaging studies should be performed promptly in an attempt to confirm the source of
infection. This could include a chest X-ray, pelvic ultrasound scan or computed tomography scan if pelvic
abscess is suspected.

Other samples taken should be guided by the clinical suspicion of focus of infection as appropriate. 

Routine blood tests should include full blood count, urea, electrolytes and C-reactive protein (CRP). 

Any woman with symptoms of tonsillitis/pharyngitis should have a throat swab sent for culture. 

If the MRSA status of the woman is unknown, a premoistened nose swab may be sent for rapid MRSA
screening where such testing is available.

Blood cultures and other samples taken should be guided by clinical suspicion of focus of infection, such as
throat swabs, mid-stream urine, high vaginal swab, throat swab, placental swabs, sputum, cerebrospinal fluid,
epidural site swab, caesarean section or episiotomy site wound swabs and expressed breast milk, and should
ideally be obtained prior to starting antibiotic therapy as the results may become uninformative within a few
hours of commencing antibiotics. Antibiotics should be given as soon as possible. Results of laboratory tests
should be checked and recorded regularly and the medical microbiologist consulted to ensure specimens are
processed appropriately and results communicated directly to the clinician at the earliest opportunity. Gram
stain, culture results and sensitivities should be used to tailor antimicrobial therapy. 

If diarrhoea is particularly offensive following antimicrobial therapy, a stool sample should be submitted for
C. difficile toxin testing.22 A history of diarrhoea warrants routine culture (e.g. Salmonella, Campylobacter).
The laboratory should be informed if there is a clinical indication for investigations for unusual pathogens
such as Listeria monocytogenes (consumption of soft cheese or cured meats) or if there is a history of foreign
travel (parasites, typhoid or cholera).
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Bacterial numbers may be scanty or not seen on initial Gram staining of swabs, fluids or debrided tissue.
However, organisms seen on Gram staining will guide empirical prescribing. A paucity of leucocytes and the
presence of Gram-positive cocci in chains indicate streptococcal infection. ‘Mixed organisms’ (i.e. mixed
Gram- negative and -positive organisms) would suggest the possibility of gut organisms, including anaerobes,
as part of a synergistic infection.

Diagnostic criteria for sepsis are available in Appendix 2 (in the absence of specific criteria for women in the
puerperium).

Thrombocytosis (high platelet count) with a rising CRP and a swinging pyrexia usually indicates a collection
of pus or an infected haematoma in the woman. 

Table 3 indicates tasks which should be performed within the first 6 hours of the identification of severe sepsis.

Table 3. Tasks to be performed within the first 6 hours of the identification of severe sepsis; modified from
the Surviving Sepsis Campaign Resuscitation Bundles3

Obtain blood cultures prior to antibiotic administration

Administer broad-spectrum antibiotic within 1 hour of recognition of severe sepsis

Measure serum lactate

In the event of hypotension and/or a serum lactate greater than 4 mmol/l: 
Deliver an initial minimum 20 ml/kg of crystalloid or an equivalent
Apply vasopressors for hypotension not responding to initial fluid resuscitation to maintain mean arterial pressure above 65 mmHg

In the event of persistent hypotension despite fluid resuscitation (septic shock) and/or serum lactate greater than 4 mmol/l:
Achieve a central venous pressure of ≥ 8 mmHg
Achieve a central venous oxygen saturation ≥ 70% or mixed venous oxygen saturation ≥ 65%

13. How should sepsis in the puerperium be managed? 

The focus of infection should be sought and dealt with. This may be by uterine evacuation or by drainage
of a breast, wound or pelvic abscess. Broad-spectrum antibiotics should be given to cover these procedures.

13.1 Which antibiotics should be used?

Administration of intravenous broad-spectrum antibiotics within 1 hour of suspicion of severe sepsis,
with or without septic shock, is recommended as part of the Surviving Sepsis resuscitation care bundle. 

If genital tract sepsis is suspected, prompt early treatment with a combination of high-dose broad-
spectrum intravenous antibiotics may be life saving.

A combination of either piperacillin/tazobactam or a carbapenem plus clindamycin provides one of the
broadest ranges of treatment for severe sepsis.

MRSA may be resistant to clindamycin, hence if the woman is or is highly likely to be MRSA-positive, a
glycopeptide such as vancomycin or teicoplanin may be added until sensitivity is known. 

Breastfeeding limits the use of some antimicrobials, hence the advice of a consultant microbiologist
should be sought at an early stage.

Antibiotic therapy should be guided by the Gram stain of any aspirate or biopsy; however, in
practice the patient is usually so sick there is no time to wait, hence initial empirical prescribing of
broad-spectrum antibiotics is essential. Intravenous broad-spectrum antibiotics should be given
within 1 hour of suspicion of severe sepsis.3
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Clindamycin is not nephrotoxic and switches off the production of superantigens and other
exotoxins.18,20,29 Therefore, together with either piperacillin/tazobactam or a carbapenem,
clindamycin provides broad cover in severe sepsis.

The 2003–2005 CEMACH report2 referred to the use of cefuroxime and metronidazole for sepsis in
the puerperium. However, cefuroxime is no longer part of many hospital formularies because of
the association with C. difficile. Neither agent provides any protection against MRSA, Pseudomonas

or ESBL (see Appendix 3).

In ESBL infection, piperacillin/tazobactam is likely to be ineffective.

Information on antimicrobials which may aid in guiding choice is given in Table 4, but hospital guidelines
differ and local guidance should be followed since the incidence of resistant organisms varies throughout the
UK. The decision as to which antimicrobials to include in the hospital formulary and maternity unit guidelines
for severe sepsis in the puerperium should be agreed by clinicians and the hospital microbiologist.

National guidelines for the management of community-acquired pneumonia,30 PVL-producing 
S. aureus31 and MRSA-associated infections32,33 should be consulted where necessary.

Table 4. Antimicrobial choices and limitations of antimicrobials

Antimicrobial Limitations

Co-amoxiclav Does not cover MRSA, Pseudomonas or ESBL-producing organisms

Metronidazole Only covers anaerobes

Clindamycin Covers most streptococci and staphylococci, including many MRSA, and switches off exotoxin 
production with significantly decreased mortality18,29,34

Not renally excreted or nephrotoxic

Piperacillin/tazobactam and carbapenems Covers most organisms except MRSA and are renal sparing (in contrast to aminoglycosides)
Piperacillin/tazobactam does not cover ESBL producers

Gentamicin (as a single dose of 3–5 mg/kg) Poses no problem in normal renal function but if doses are to be given regularly serum levels 
must be monitored35

13.2 What are some of the adverse effects of treatment? 

Treatment with any antimicrobial can cause allergic reactions, including skin rashes. However, it should be
remembered that, particularly in toxic shock, a maculopapular or blanching erythema may be exotoxin related
and not an allergy to the therapy.

Diarrhoea, particularly if offensive or developing after any antimicrobial therapy, should be sent for C. difficile
toxin testing. The organism does not infect neonates but can cause up to 30% mortality in mothers if
untreated.22 Pending the result of testing, oral metronidazole or oral vancomycin are used empirically where
clinically justified. 

13.3 What is the role of intravenous immunoglobulin (IVIG)? 

IVIG is recommended for severe invasive streptococcal or staphylococcal infection if other therapies
have failed.

IVIG has an immunodulatory effect and in staphylococcal and streptococcal sepsis also neutralises the super-
antigen effect of exotoxins and inhibits production of tumour necrosis factor and interleukins. 
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High-dose IVIG has been used in pregnant and postpartum women36–39 and is effective in exotoxic
shock (i.e. toxic shock attributable to streptococci and staphylococci),40–44 but there is little
evidence of benefit in Gram-negative (endotoxin-related) sepsis. The main contraindication to IVIG
use is a congenital deficiency of immunoglobulin A.46

There are now many case reports36–43 and some small series44,46 where dramatic improvement
resulted after administration of IVIG. 

IVIG is available from the blood transfusion department. All commercial brands of IVIG available in
the UK contain antibodies to streptococcal and staphylococcal exotoxins. Actual administration of
IVIG should be through a blood warming device and hospital guidelines/protocols for replacement
therapy in haematology patients may be used. However, when faster replacement is necessary in
severely ill patients, the Mount Sinai hospital protocol may be helpful.47

13.4 Where should women with sepsis be cared for? 

Women with sepsis in the puerperium are best managed in a hospital where diagnostic services are
easy to access and intensive care facilities are readily available.

Early referral to hospital may be life saving.

Sepsis in the puerperium may have an insidious onset but then a fulminating course. Early discharge from the
delivery unit means that some women will develop infection after they return home, or they may have given
birth at home. 

The CEMACH 2002–2005 report noted that some women who died were managed in ‘units ill equipped to
deal with them’.2

13.5 What are the indications for admission to the intensive care unit (ICU)?

The presence of shock or other organ dysfunction in the woman is an indication for admission to the ICU. 

The diagnosis of sepsis should trigger discussion with the critical care team. Features of severe sepsis which
are likely to require admission to the ICU are shown in Table 5. 

Table 5.   Indications for admission of the woman to the ICU;3 adapted from Plaat and Wray, 200848

System Indication

Cardiovascular Hypotension or raised serum lactate persisting despite fluid resuscitation suggesting the need for inotrope support

Respiratory Pulmonary oedema
Mechanical ventilation
Airway protection

Renal Renal dialysis 

Neurological Significantly decreased conscious level

Miscellaneous Multiorgan failure
Uncorrected acidosis
Hypothermia

The treatment of hypotension and oliguria in non-pregnant septic patients involves aggressive fluid
replacement. However, postpartum women may be more susceptible to the development of pulmonary
oedema than non-pregnant patients after circulatory fluid overload. Achieving the correct balance between
these potentially conflicting aims is exceedingly difficult, and central venous pressure monitoring and
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vasopressor treatment are likely to be required on the ICU. It is important to involve the anaesthetic and
critical care teams early to advise on early management and subsequent transfer.

13.6 How should a drug-misusing woman be managed?

Women with a history of substance misuse are usually monitored under multiagency care. The local
drugs advisory specialist team and existing hospital guidelines for care of substance misusers /drug
users should be consulted.

Any injection-site lesions should be swabbed and an MRSA screen performed.

A history of intravenous drug use and features of sepsis of unknown site requires a search for bacterial
endocarditis or abscesses spread via the bloodstream. Current or former intravenous drug users usually have
very difficult vascular access. Alternative access devices such as a central venous catheter or peripherally
inserted central catheter are more likely to be required for long-term intravenous antibiotic treatment, and
early referral of the woman to a vascular access team or equivalent is desirable. 

Effects on breastfeeding and other practical management issues necessitate the involvement of neonatologists
and the local specialist drugs team.

14. What are the infection control issues? 

The woman should be isolated in a single room with en suite facilities to reduce the risk of transmission
of infection.

Healthcare workers (defined as doctors, midwives, nurses, anaesthetists and members of the wound
care team) should wear personal protective equipment including disposable gloves and aprons when in
contact with the woman, equipment and their immediate surroundings.

Breaks in the skin of the woman or carer must be covered with a waterproof dressing.

Fluid-repellent surgical masks with visors must be used at operative debridement /change of dressings
of GAS necrotising fasciitis and for other procedures where droplet spread is possible.

Visitors should be offered suitable information and relevant personal protective equipment while the
woman is isolated.

Mothers or neonates infected or colonised with high-risk organisms such as GAS, MRSA or PVL-producing
staphylococci may generate outbreaks within the healthcare setting, especially for other babies in nursery units
and staff.49–51 The local infection control team should be informed of any such cases and appropriate isolation
precautions followed. Healthcare workers should wear personal protective equipment including disposable
gloves and aprons when in contact with the woman, equipment and their immediate surroundings.49,52

Isolation in a single room with en suite facilities is recommended since numerous streptococcal outbreaks
have occurred in maternity units, some involving shared toilet and shower facilities.51

MRSA and GAS are easily transmitted via the hands of healthcare workers and via close contact in
households.49 Local infection control guidelines should be followed for hospital-specific isolation and contact
precautions. PVL-associated infections should be managed in accordance with national guidelines.32,52

Non-maternity isolations of GAS – for example, when known about before the patient is admitted, or diagnosed
in a healthcare worker – should be reported to the infection control team/director of infection prevention and

RCOG Green-top Guideline No. 64b 12 of 21 © Royal College of Obstetricians and Gynaecologists

P

P

P

P

P

P

P



13 of 21RCOG Green-top Guideline No. 64b © Royal College of Obstetricians and Gynaecologists

control/occupational health, as appropriate. Strict infection control precautions should be applied, both to
delivery procedures and during the hospital stay.49,52

15. What are the neonatal issues if sepsis develops in the puerperium?

The baby is especially at risk of streptococcal and staphylococcal infection during birth and during
breastfeeding. The umbilical area should be examined and a paediatrician consulted in the event of
sepsis in the puerperium.

If either the mother or the baby is infected with invasive GAS in the postpartum period, both should be
treated with antibiotics.

GAS and PVL-producing S. aureus infections have been transmitted to babies during breastfeeding,
causing severe infection.11 GAS poses the highest risk of sepsis in the neonate, with numerous cases
where both mother and baby have been affected.49 Hence, antimicrobial prophylaxis should be
given routinely to neonates of mothers with GAS infection.52

The infant of a mother colonised with Group B Streptococci should be managed as per RCOG
Green-top Guideline No.36: Prevention of early onset neonatal group B streptococcal disease.53

16. What are the indications for prophylaxis to family/staff?

Close household contacts should be warned about the symptoms of GAS infection and told to seek
medical attention should symptoms develop. Asymptomatic contacts may warrant prophylaxis.

Local and national guidelines should be followed in consultation with the local health protection unit or
consultant for communicable disease control.

Only the meningococcus (Neisseria meningitidis) and GAS merit consideration of prophylaxis for family or staff. 

MRSA and PVL-producing S. aureus are transmitted during breastfeeding and close contact. Although routine
prophylaxis is not indicated, the neonate should be observed closely and liaison with the infection control
team is advised.

The Health Protection Agency has produced detailed guidelines for investigation, control and
prevention of spread of GAS infection in healthcare settings in the UK.52 Generally, prophylaxis for
GAS organisms would be administered in the event of close contact (kissing or household contacts)
and for healthcare workers with exposure to respiratory secretions (e.g. suctioning).49

17. Can sepsis in the puerperium be prevented or detected earlier?

All pregnant and recently delivered women should be informed of the signs and symptoms of genital
tract infection and how to prevent its transmission.

Any GAS identified during pregnancy should be treated aggressively.

All pregnant and recently delivered women need to be informed of the signs and symptoms of genital tract
infection and how to prevent its transmission. Advice to all women should include verbal and written
information about its prevention, signs and symptoms and the need to seek advice early if concerned, as well
as the importance of good personal hygiene. This includes avoiding contamination of the perineum by
washing hands before and after using the lavatory or changing sanitary towels. It is especially necessary when
the woman or her family or close contacts have a sore throat or upper respiratory tract infection. 1
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All clinical staff must undertake regular, written, documented and audited training for the identification and
initial management of serious obstetric conditions or emerging potential emergencies, such as sepsis, which
need to be distinguished from commonplace symptoms in pregnancy.1

Any GAS identified during pregnancy should be treated aggressively. Several cases of women with known GAS
infection have been reported where GAS was not treated, resulting in maternal death.1

Any signs of infection or necessity to administer antibiotics noted during a woman’s hospital stay should be
reported directly to her community carers (GP, midwives and health visitors) when she is discharged so that
appropriate follow-up visits may be arranged and the significance of developing symptoms recognised.

18. Suggested audit topics

� Number of women admitted to hospital within 6 weeks of delivery for sepsis.
� Number of postpartum women admitted to the ICU with sepsis as the primary diagnosis.
� Rate of hospital-acquired infection in the maternity unit.
� Rate of wound infection after caesarean section.
� Number of women with specific infections: MRSA, GAS, Clostridia sepsis. 
� Percentage of women who had antibiotic therapy started within 1 hour of recognition of bacterial sepsis

after pregnancy. Target: 100% within 1 hour.1
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APPENDIX 1

Staphylococcal and streptococcal toxic shock syndrome: clinical disease definition.

Staphylococcal toxic shock syndrome (TSS)17 Streptococcal toxic shock syndrome (STSS)17,26

1. Fever > /= 39.9°C A. Isolation of group A Streptococcus from: 

2. Rash: diffuse macular erythema 1. normally sterile site: blood, cerebrospinal fluid, peritoneal fluid,

tissue biopsy

3. Desquamation: 10–14 days after onset of illness, 2. non-sterile site: throat, vagina, sputum

especially palms and soles 

4. Hypotension: systolic BP < 90 mmHg (adults) 

5. Multisystem involvement: Three or more of the following B. Clinical case definition

systems affected: Multi-organ involvement characterised by: 

� gastrointestinal: vomiting or diarrhoea at onset of illness 1. hypotension

� muscular: severe myalgia or elevated creatinine phosphokinase plus

� mucous membranes: vaginal, oropharyngeal or conjunctival 2. two or more of the following:

hyperaemia � renal impairment – creatinine >176µmol/l 

� renal: creatinine twice the upper limit of normal � coagulopathy – platelets < 100 x 109/l or disseminated intravascular 

� hepatic: total bilirubin twice the upper limit of normal coagulation

� haematological – platelets ≤ /= 100 x 109/l � liver involvement: alanine transaminase or aspartame transaminase 

� central nervous system – disorientation or alterations in or bilirubin levels twice the normal upper limit for age 

consciousness without focal neurological signs � acute respiratory distress syndrome

� generalised erythematous macular rash (present in 10%): 

may desquamate

� soft tissue necrosis including necrotising fasciitis, myositis or 

gangrene

Case classification: Case classification:

Probable: 4 of the 5 clinical findings positive Probable:meets clinical case definition (above) plus isolation from 

non-sterile site 

Confirmed: case with all 5 clinical findings Definite:meets clinical case definition (above) plus isolation of group 

A Streptococcus from a normally sterile site 
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APPENDIX 2

Diagnostic criteria for sepsis modified from Levy et al.,54 using CMACE1 and Lewis2 where pregnancy-specific
parameters available.

Infection, documented or suspected, and some of the following:

General variables:

Fever (> 38ºC)

Hypothermia (core temperature < 36ºC)

Tachycardia (> 90 beats/minute)

Tachypnoea (> 20 breaths/minute)

Impaired mental state, altered conscious level

Considerable oedema or positive fluid balance (> 20ml/kg over 24 hours)

Hyperglycaemia in the absence of diabetes (plasma glucose > 7.7 mmol/l)

Bruising or discoloration of skin suggests late fasciitis (often pain receding as cutaneous anaesthesia supervenes as nerves die)

Inflammatory variables:

White blood cell (WBC) count > 12 x 109l

Leucopenia (WBC count < 4 x 109l)

Normal WBC count with > 10% immature forms

Plasma C-reactive protein > 7mg/l (usually significantly higher in bacterial sepsis)

Haemodynamic variables:

Arterial hypotension (systolic blood pressure < 90mmHg; mean arterial pressure < 70mmHg; or systolic blood pressure decrease > 40mmHg)

Tissue perfusion variables:

Raised serum lactate ≥ 4 mmol/l

Decreased capillary refill or mottling

Organ dysfunction variables:

Arterial hypoxaemia (PaO2 (partial pressure of oxygen in arterial blood) /F IO2 (fraction of inspired oxygen) < 40kPa); sepsis is severe if 
< 33.3kPa in the absence of pneumonia or < 26.7kPa in the presence of pneumonia

Oliguria (urine output < 0.5ml/kg/hr for at least two hours, despite adequate fluid resuscitation)

Creatinine rise of > 44.2µmol/l; sepsis is severe if creatinine level > 176µmol/l

Coagulation abnormalities (International Normalised Ratio [INR] > 1.5 or activated partial thromboplastin time [APTT] > 60 seconds)

Thrombocytopaenia (platelet count < 100 x109/l)

Hyperbilirubinaemia (plasma total bilirubin > 70µmol/l)

Ileus (absent bowel sounds)



APPENDIX 3

Suggested empirical antimicrobials for use in bacterial sepsis after pregnancy.

Condition Organisms Antimicrobial If allergic Notes

Mastitis MSSA Flucloxacillin + Vancomycin + Trough level

Streptococci clindamycin clindamycin vancomycin 5–20 mg/l 

necessary

Mastitis MRSA Vancomycin + Clindamycin/teicoplanin 

Streptococci clindamycin are alternatives 

Caesarean section MRSA Vancomycin + Clindamycin/teicoplanin 

wound infection or Streptococci clindamycin are alternatives

intravenous cannula 

site infection

Caesarean section MSSA Flucloxacillin + Vancomycin + 

wound infection or Streptococci clindamycin clindamycin

intravenous cannula 

site infection

Endometritis Gram-negative anaerobes Gentamicin one Gentamicin + 

Streptococci dose immediately + clindamycin + 

cefotaxime ciprofloxacin

+ metronidazole

Acute pyelonephritis Gram-negative bacteria Cefotaxime + Gentamicin + ESBLs: 

Occasionally 
gentamicin (gentamicin ciprofloxacin gentamicin + 

staphylococci and 
administered meropenem

streptococci 
once only)

Toxic shock syndrome Staphylococci Flucloxacillin + Vancomycin + Regimen must contain an 

Streptococci clindamycin + clindamycin + antitoxin agent such as 

gentamicin immediately gentamicin clindamycin28 or linezolid

(gentamicin (gentamicin Consider IVIG44

administered administered 

once only ) once only)

For MRSA use or

vancomycin instead 
Linezolid + gentamicin 

of flucloxacillin
(gentamicin 

administered 

once only)

Severe sepsis, no focus MRSA, streptococci, Meropenem + Clindamycin + In those with severe

Gram-negatives clindamycin + gentamicin + penicillin allergy, 

(including ESBL gentamicin metronidazole + carbapenems are 

producers + (gentamicin usually ciprofloxacin contraindicated

Pseudomonas) administered 

and anaerobes once only)

ESBL = extended-spectrum beta-lactamase; IVIG = intravenous immunoglobulin; MRSA = meticillin-resistant Staphylococcus aureus; 
MSSA = meticillin-sensitive Staphylococcus aureus.

Note: these are suggestions, and local guidelines should be consulted since policies and sensitivities differ between hospitals. 
All complex cases or unusual allergies should be discussed with a microbiologist and therapy should be rationalised as soon as possible.
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APPENDIX 4

Antibiotic spectra for obstetrics and gynaecology.

Dr Marina S Morgan, 2012

Solid lines represent roughly the proportion of the bacteria sensitive to that antibiotic. 

Produced by Marina Morgan ©2012.
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APPENDIX 5

Clinical guidelines are ‘systematically developed statements which assist clinicians and women in making
decisions about appropriate treatment for specific conditions’. Each guideline is systematically developed
using a standardised methodology. Exact details of this process can be found in Clinical Governance
Advice No.1: Development of RCOG Green-top Guidelines (available on the RCOG website at
http://www.rcog.org.uk/guidelines). These recommendations are not intended to dictate an exclusive
course of management or treatment. They must be evaluated with reference to individual patient needs,
resources and limitations unique to the institution and variations in local populations. It is hoped that this
process of local ownership will help to incorporate these guidelines into routine practice. Attention is
drawn to areas of clinical uncertainty where further research might be indicated.

The evidence used in this guideline was graded using the scheme below and the recommendations
formulated in a similar fashion with a standardised grading scheme.

Grades of recommendations

At least one meta-analysis, systematic review or
randomised controlled trial rated as 1++ and
directly applicable to the target population; or 

A systematic review of randomised controlled
trials or a body of evidence consisting
principally of studies rated as 1+ directly
applicable to the target population and
demonstrating overall consistency of results

A body of evidence including studies rated as
2++ directly applicable to the target
population, and demonstrating overall
consistency of results; or 

Extrapolated evidence from studies rated as
1++ or 1+

A body of evidence including studies rated as
2+ directly applicable to the target population
and demonstrating overall consistency of
results; or 

Extrapolated evidence from studies rated as
2++

Evidence level 3 or 4; or 

Extrapolated evidence from studies rated as 2+

Good practice point

Recommended best practice based on the
clinical experience of the guideline
development group

Classification of evidence levels

1++ High-quality meta-analyses, systematic
reviews of randomised controlled trials
or randomised controlled trials with a
very low risk of bias

1+ Well-conducted meta-analyses, systematic
reviews of randomised controlled trials
or randomised controlled trials with a
low risk of bias

1– Meta-analyses, systematic reviews of
randomised controlled trials or
randomised controlled trials with a high
risk of bias

2++ High-quality systematic reviews of
case–control or cohort studies or high-
quality case–control or cohort studies
with a very low risk of confounding, bias
or chance and a high probability that the
relationship is causal

2+ Well-conducted case–control or cohort
studies with a low risk of confounding,
bias or chance and a moderate
probability that the relationship is causal

2- Case–control or cohort studies with a
high risk of confounding, bias or chance
and a significant risk that the
relationship is not causal

3 Non-analytical studies, e.g. case reports,
case series

4 Expert opinion

P

C

D

B

A
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DISCLAIMER

The Royal College of Obstetricians and Gynaecologists produces guidelines as an educational aid to good clinical
practice. They present recognised methods and techniques of clinical practice, based on published evidence, for
consideration by obstetricians and gynaecologists and other relevant health professionals. The ultimate judgement
regarding a particular clinical procedure or treatment plan must be made by the doctor or other attendant in the light
of clinical data presented by the patient and the diagnostic and treatment options available within the appropriate
health services. 

This means that RCOG Guidelines are unlike protocols or guidelines issued by employers, as they are not intended to
be prescriptive directions defining a single course of management. Departure from the local prescriptive protocols or
guidelines should be fully documented in the patient’s case notes at the time the relevant decision is taken.

The guidelines review process will commence in 2015 unless evidence requires an earlier review.
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Bacterial Sepsis in Pregnancy

This is the first edition of this guideline.

1. Purpose and scope

The need for a guideline on the management of sepsis in pregnancy was identified by the 2007 Confidential
Enquiry into Maternal Deaths.1 The scope of this guideline covers the recognition and management of serious
bacterial illness in the antenatal and intrapartum periods, arising in the genital tract or elsewhere, and its
management in secondary care. Sepsis arising due to viral, fungal or other infectious agents is outside the
scope of this guideline. Bacterial sepsis following pregnancy in the puerperium is the subject of a separate
Green-top Guideline. The population covered by this guideline includes pregnant women suspected of, or
diagnosed with, serious bacterial sepsis in primary or secondary healthcare.

2. Background and introduction

Sepsis in pregnancy remains an important cause of maternal death in the UK.1,2 In 2003–2005 there were 13
direct deaths from genital tract sepsis in pregnancy, five related to pregnancy complications prior to 24
weeks of gestation and eight related to sepsis from 24 weeks of gestation, arising before or during labour.
Sadly, substandard care was identified in many of the cases, in particular lack of recognition of the signs of
sepsis and a lack of guidelines on the investigation and management of genital tract sepsis.1 Between 2006
and 2008 sepsis rose to be the leading cause of direct maternal deaths in the UK, with deaths due to group
A streptococcal infection (GAS) rising to 13 women.2 Severe sepsis with acute organ dysfunction has a
mortality rate of 20 to 40%, which increases to 60% if septic shock develops.1 Studies in the non-pregnant
population have found that the survival rates following sepsis are related to early recognition and initiation
of treatment.3-5

Sepsis may be defined as infection plus systemic manifestations of infection. Severe sepsis may be defined as
sepsis plus sepsis-induced organ dysfunction or tissue hypoperfusion. Septic shock is defined as the
persistence of hypoperfusion despite adequate fluid replacement therapy.3

3. Identification and assessment of evidence

This RCOG guideline was developed in accordance with standard methodology for producing RCOG Green-
top Guidelines. The Cochrane Database of Systematic Reviews, DARE, EMBASE, Medline and PubMed
(electronic databases) were searched for relevant randomised controlled trials, systematic reviews and meta-
analyses. The search was restricted to articles published between 1980 to May 2011. Search terms included:
‘sepsis and pregnancy’, ‘bacterial infection and pregnancy’, ‘ antenatal bacterial infection’, ‘bacterial sepsis’,
‘intrapartum septic shock’, ‘intrapartum infection’, ‘maternal pyrexia’, ‘maternal fever’, ‘systemic inflammatory
response syndrome’, ‘chorioamnionitis’, ‘genital tract sepsis’, ‘listeria infection’, ‘group A Streptococcus’,
‘Streptococcus pyogenes’, ‘Streptococcus and pregnancy’, and the search limited to humans and English
language. The NHS Evidence, Health Information Resources and the National Guidelines Clearing House were
also searched for relevant guidelines and reviews. Studies relevant to the scope of the guideline were selected
by the members of the guideline development group. Where possible, recommendations are based on
available evidence. Areas where evidence is lacking are annotated as ‘good practice points.’

4. Which women are at risk of sepsis in pregnancy?

Multiple risk factors for severe sepsis have been identified by the Confidential Enquiries into Maternal
Deaths (CEMD) (see table 1).

D



© Royal College of Obstetricians and Gynaecologists3 of 14RCOG Green-top Guideline No. 64a

Risk factors for sepsis identified from the women who died in the 2003-2005 and 2006-2008
triennia are shown in table 1. Many of the women who died had one or more risk factors. Urinary
tract infection and chorioamnionitis are common infections associated with septic shock in the
pregnant patient.5

Table 1. Risk factors for maternal sepsis in pregnancy as identified by the Confidential Enquiries into
Maternal Deaths1,2

Obesity

Impaired glucose tolerance / diabetes

Impaired immunity/ immunosuppressant medication

Anaemia

Vaginal discharge

History of pelvic infection

History of group B streptococcal infection

Amniocentesis and other invasive procedures

Cervical cerclage

Prolonged spontaneous rupture of membranes

GAS infection in close contacts / family members

Of black or other minority ethnic group origin

5. What should prompt recognition of sepsis in the pregnant woman?

All healthcare professionals should be aware of the symptoms and signs of maternal sepsis and critical
illness and of the rapid, potentially lethal course of severe sepsis and septic shock. Suspicion of
significant sepsis should trigger an urgent referral to secondary care.

Clinical signs suggestive of sepsis include one or more of the following: pyrexia, hypothermia,
tachycardia, tachypnoea, hypoxia, hypotension, oliguria, impaired consciousness and failure to respond
to treatment. These signs, including pyrexia, may not always be present and are not necessarily related
to the severity of sepsis.

Regular observations of all vital signs (including temperature, pulse rate, blood pressure and
respiratory rate) should be recorded on a Modified Early Obstetric Warning Score (MEOWS) chart.

All staff taking observations should have annual training in the use of the MEOWS chart.

The signs and symptoms of sepsis in pregnant women may be less distinctive than in the non-
pregnant population and are not necessarily present in all cases;4 therefore, a high index of
suspicion is necessary. Clinical features suggestive of sepsis are shown in table 2. Healthcare
professionals should be aware of the symptoms and signs of maternal sepsis and critical illness.
Disease progression may be much more rapid than in the non-pregnant state. Genital tract sepsis
may present with constant severe abdominal pain and tenderness unrelieved by usual analgesia,
and this should prompt urgent medical review.1 Severe infection may be associated with preterm
labour. Toxic shock syndrome caused by staphylococcal or streptococcal exotoxins can produce
confusing symptoms including nausea, vomiting and diarrhoea; exquisite severe pain out of
proportion to clinical signs due to necrotising fasciitis; a watery vaginal discharge; generalised rash;
and conjunctival suffusion.

Evidence
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Diagnostic criteria for sepsis and severe sepsis are provided in appendix 1 and features of toxic shock
syndrome are listed in appendix 2.

Table 2.   Clinical features suggestive of sepsis. Modified from references 1 and 3.

Fever or rigors

Diarrhoea or vomiting - may indicate exotoxin production (early toxic shock)

Rash (generalised streptococcal maculopapular rash or purpura fulminans)

Abdominal /pelvic pain and tenderness

Offensive vaginal discharge (smelly suggests anaerobes; serosanguinous suggests streptococcal infection)

Productive cough

Urinary symptoms

6. What are the appropriate investigations when sepsis is suspected?

Blood cultures are the key investigation and should be obtained prior to antibiotic administration;
however, antibiotic treatment should be started without waiting for microbiology results.

Serum lactate should be measured within six hours of the suspicion of severe sepsis in order to guide
management. Serum lactate ≥4 mmol/l is indicative of tissue hypoperfusion.

Any relevant imaging studies should be performed promptly in an attempt to confirm the source of
infection.

Blood cultures and other samples as guided by clinical suspicion of the focus of infection (e.g.
throat swabs, mid-stream urine, high vaginal swab, or cerebrospinal fluid) should be obtained prior
to starting antibiotic therapy as they may become uninformative within a few hours of
commencing antibiotics but must not delay antibiotic therapy.3 If the methicillin-resistant
Staphylococcus aureus (MRSA) status is unknown, a pre-moistened nose swab may be sent for rapid
MRSA screening where such testing is available. The results of these tests should be reviewed when
they become available to allow subsequent optimisation of the antibiotic regime. Similarly, prompt
imaging may identify the source of the infection, allowing early definitive treatment, and should not
be deferred on the grounds of pregnancy.3

Use of the resuscitation ‘bundle’ developed as part of the Surviving Sepsis Campaign is
recommended (see table 3) and includes measurement of serum lactate within six hours of
suspicion of severe sepsis with the result being used to guide management.3 Arterial blood gas
measurement should be undertaken to assess for hypoxia. Laboratory findings suggestive of a
diagnosis of sepsis are outlined in appendix 1.

Table 3. Tasks to be performed within the first six hours of the identification of severe sepsis. Modified from
the Surviving Sepsis Campaign Resuscitation ‘Bundle’ (group of therapies)3

Obtain blood cultures prior to antibiotic administration

Administer broad-spectrum antibiotic within one hour of recognition of severe sepsis

Measure serum lactate

In the event of hypotension and/or a serum lactate >4mmol/l deliver an initial minimum 20ml/kg of crystalloid or an equivalent. Apply
vasopressors for hypotension that is not responding to initial fluid resuscitation to maintain mean arterial pressure (MAP) >65mmHg

In the event of persistent hypotension despite fluid resuscitation (septic shock) and/or lactate >4mmol/l 
a.  Achieve a central venous pressure (CVP) of ≥8mmHg

b.  Achieve a central venous oxygen saturation (ScvO2) ≥ 70% or mixed venous oxygen saturation (ScvO2) ≥ 65%

RCOG Green-top Guideline No. 64a 4 of 14 © Royal College of Obstetricians and Gynaecologists
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7. Who should be involved in the collaborative care of women with sepsis?

If sepsis is suspected, regular frequent observations should be made. The use of a MEOWS chart is
recommended. There should be an urgent referral to the critical care team in severe or rapidly
deteriorating cases, and the involvement of a consultant obstetrician.

The expert advice of a consultant microbiologist or infectious disease physician should be sought
urgently when serious sepsis is suspected.

A MEOWS chart should be used for all maternity inpatients to identify seriously ill pregnant women
and refer them to critical care and obstetric anaesthetic colleagues according to local guidelines.1

Early, goal-directed resuscitation has been shown to improve survival for non-pregnant patients
presenting with septic shock.6

The Surviving Sepsis Campaign Resuscitation Bundle recommends that this is commenced pending
transfer to an intensive care unit (ICU).3 See table 3 for details of the bundle.

The decision to transfer to intensive care should be decided by the critical care team in conjunction
with the obstetric consultant and the consultant obstetric anaesthetist.7 Cardiac output monitoring,
ventilatory support requiring intubation, and renal support would all require transfer to ICU in the
majority of units (see table 4).

Table 4. Indications for transfer to ICU. Adapted from Plaat and Wray (2008)8

System Indication

Cardiovascular Hypotension or raised serum lactate persisting despite fluid resuscitation, suggesting the need for
inotrope support

Respiratory Pulmonary oedema
Mechanical ventilation
Airway protection

Renal Renal dialysis 

Neurological Significantly decreased conscious level

Miscellaneous Multi-organ failure
Uncorrected acidosis
Hypothermia

8. What are the commonly identified organisms, including hospital acquired infection?

The most common organisms identified in pregnant women dying from sepsis are Lancefield group
A beta-haemolytic Streptococcus and E.Coli.1, 2

Mixed infections with both Gram-positive and Gram-negative organisms are common, especially in
chorioamnionitis. Coliform infection is particularly associated with urinary sepsis, preterm
premature rupture of membranes, and cerclage.1 Anaerobes such as Clostridium perfringens (the
cause of gas gangrene) are less commonly seen nowadays, with Peptostreptococcus and Bacteroides

spp. predominating.9

9. What empirical and specific antimicrobial therapy should be used to treat the woman?

Administration of intravenous broad spectrum antibiotics is recommended within one hour of suspicion
of severe sepsis, with or without septic shock.
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If genital tract sepsis is suspected, prompt early treatment with a combination of high-dose broad-
spectrum intravenous antibiotics may be lifesaving.

Administration of intravenous broad spectrum antibiotics are recommended within one hour of suspicion of
severe sepsis in the woman, with or without septic shock, as part of the Surviving Sepsis Campaign
Resuscitation Bundle.3

Empirically, broad spectrum antimicrobials active against Gram-negative bacteria, and capable of
preventing exotoxin production from Gram-positive bacteria, should be used according to local
microbiology policy, and therapy narrowed once the causative organism(s) has been identified. 

The 2003–2005 CEMACH report1 referred to the use of cefuroxime and metronidazole for genital tract 
sepsis. However, cefuroxime is no longer part of many hospital formularies because of the association with 
C. difficile. Neither agent provides any MSRA, Pseudomonas or extended-spectrum beta-lactamases (ESBL)
cover (see appendix 3 for range of activity of common antibiotics). Information on antimicrobials which may
aid in guiding choice is provided in table 5; however, hospital guidelines differ, and local guidance should be
followed as the incidence of resistant organisms varies throughout the UK. 

In addition to antimicrobial therapy, the source of sepsis should be sought and dealt with if
possible: for example, by delivery of the baby.1

Table 5. Antimicrobial choices and limitations of antimicrobial.

Co-amoxiclav Does not cover MRSA or Pseudomonas, and there is concern about an increase in the risk of necrotising

enterocolitis in neonates exposed to co-amoxiclav in utero.10

Metronidazole Only covers anaerobes.

Clindamycin Covers most streptococci and staphylococci, including many MRSA, and switches off exotoxin production
with significantly decreased mortality.11,12 Not renally excreted or nephrotoxic.

Piperacillin–tazobactam Covers all except MRSA and are renal sparing (in contrast to aminoglycosides).
(Tazocin) and carbapenems

Gentamicin (as a single dose Poses no problem in normal renal function but if doses are to be given regularly serum levels must be 
of 3–5mg/kg) monitored.

10. What is the role of intravenous immunoglobulin (IVIG)?

IVIG is recommended for severe invasive streptococcal or staphylococcal infection if other therapies
have failed.

IVIG has an immunomodulatory effect, and in staphylococcal and streptococcal sepsis it also
neutralises the superantigen effect of exotoxins, and inhibits production of tumour necrosis factor
(TNF) and interleukins. The Department of Health has recommendations regarding the use of IVIG
for invasive streptococcal and staphylococcal infection.13

High dose IVIG has been used in pregnant women14 and is effective in exotoxic shock (i.e. toxic
shock due to streptococci and staphylococci) but with little evidence of benefit in Gram-negative
(endotoxin related) sepsis. The main contraindication to IVIG use is a congenital deficiency of
immunoglobulin A. Its use in women with severe staphylococcal and streptococcal sepsis should
be discussed with infectious disease colleagues or medical microbiologists.

IVIG is available from the blood transfusion department, and all commercial brands of IVIG available in the
UK contain antibodies to streptococcal and staphylococcal exotoxins. Actual administration of IVIG should
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be through a blood warming device, and hospital protocols for replacement therapy in haematology patients
may be used.

11. How should the fetus be monitored and when and how should the baby be delivered?

In a critically ill pregnant woman, birth of the baby may be considered if it would be beneficial to the
mother or the baby or to both. A decision on the timing and mode of birth should be made by a senior
obstetrician following discussion with the woman if her condition allows.

If preterm delivery is anticipated, cautious consideration should be given to the use of antenatal
corticosteroids for fetal lung maturity in the woman with sepsis.

During the intrapartum period, continuous electronic fetal monitoring is recommended. Changes in
cardiotocography (CTG), such as changes in baseline variability or new onset decelerations, must
prompt reassessment of maternal mean arterial pressure, hypoxia and acidaemia.

Epidural/spinal anaesthesia should be avoided in women with sepsis and a general anaesthetic will
usually be required for caesarean section.

The effects of maternal sepsis on fetal wellbeing include the direct effect of infection in the fetus,
the effect of maternal illness/shock and the effect of maternal treatment. The risk of neonatal
encephalopathy and cerebral palsy is increased in the presence of intrauterine infection.15

If preterm delivery is anticipated the use of antenatal corticosteroids for fetal lung maturity in the
woman with sepsis can be considered.16,17 See RCOG Green-top Guideline No.7, Antenatal
Corticosteroids to Reduce Neonatal Morbidity.16

During the intrapartum period, continuous electronic fetal monitoring is recommended in the
presence of maternal pyrexia (defined as a temperature >38.0 °C once, or 37.5 °C on two occasions
2 hours apart)18 and this should also apply to sepsis without pyrexia.

Objective evidence of intrauterine infection is associated with abnormal fetal heart monitoring;
however, electronic fetal monitoring is not a sensitive predictor of early onset neonatal sepsis.19,20

Changes in CTG, such as changes in baseline variability or new onset decelerations, must also prompt
reassessment of maternal mean arterial pressure, hypoxia and acidaemia. These changes may serve
as an early warning sign for derangements in maternal end-organ systems.17 There is insufficient
evidence regarding fetal blood sampling in the presence of maternal sepsis to guide practice.

Attempting delivery in the setting of maternal instability increases the maternal and fetal mortality
rates unless the source of infection is intrauterine.21 The decision on mode of delivery should be
individualised by the consultant obstetrician with consideration of severity of maternal illness,
duration of labour, gestational age and viability.17

12. What prophylaxis should be considered for the neonate, other family members and
healthcare workers?

Local and national guidelines should be followed in consultation with the local health protection unit or
lead for communicable disease control.

When a mother has been found to have invasive group A streptococcal infection in the peripartum
period, the neonatologist should be informed and prophylactic antibiotics administered to the baby.
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Close household contacts of women with group A streptococcal infection should be warned to seek
medical attention should symptoms develop, and the situation may warrant antibiotic prophylaxis.

Healthcare workers who have been exposed to respiratory secretions of women with group A
streptococcal infection should be considered for antibiotic prophylaxis.

The Health Protection Agency have produced detailed guidelines for the investigation, control and prevention
of the spread of group A streptococcal infection in healthcare settings in the United Kingdom.22

As well as the specific recommendation for group A streptococcal disease, any baby of a mother
found to have sepsis in the peripartum period should be discussed with neonatology colleagues so
that prophylactic antibiotic administration to the baby can be considered.22

13. What infection control issues should be considered?

Group A β-haemolytic Streptococcus and MRSA are easily transmitted via the hands of healthcare
workers and via close contact in households. Local infection control guidelines should be followed for
hospital–specific isolation and contact precautions.

Invasive group A streptococcal infections are notifiable and the infection control team and the
consultant for communicable diseases should be informed.

Women suspected of or diagnosed with group A Streptococcus sepsis should be isolated in a single room with
en suite facilities to minimise the risk of spread to other women. Local advice from infectious control
colleagues should always be sought.

14. Suggested audit topics

● The existence of locally based guidelines for the investigation and management of genital tract sepsis in the
maternity unit.

● The use of a version of a MEOWS chart to aid the identification of seriously ill pregnant women1 in the
maternity unit.

● The proportion of pregnant women with suspected severe sepsis who had serum lactate measured within
six hours of presentation.
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APPENDIX 1

Diagnostic criteria for sepsis modified from Levy et al (2003)23 for pregnant women using references 1 and 2
where pregnancy specific parameters are available.

Infection, documented or suspected, and some of the following:

General variables:

Fever (>38ºC)

Hypothermia (core temperature <36ºC)

Tachycardia (>100 beats per minute)

Tachypnoea (>20 breaths per minute)

Impaired mental state

Significant oedema or positive fluid balance (>20ml/kg over 24 hours)

Hyperglycaemia in the absence of diabetes (plasma glucose >7.7 mmol/l)

Inflammatory variables:

White blood cell (WBC) count >12 x 109/l (note that a transient leucocytosis is common in labour)

Leucopenia (WBC count <4 x 109/l)

Normal WBC count with >10% immature forms

Plasma C-reactive protein >7mg/l

Haemodynamic variables:

Arterial hypotension (systolic blood pressure <90mmHg; mean arterial pressure <70mmHg or systolic blood pressure decrease >40mmHg)

Tissue perfusion variables:

Raised serum lactate ≥ 4 mmol/l

Decreased capillary refill or mottling

Organ dysfunction variables:

Arterial hypoxaemia (PaO2 (arterial oxygen partial pressure) /FIO2 (fraction of inspired oxygen) <40kPa). Sepsis is severe if <33.3kPa in the
absence of pneumonia or <26.7kPa in the presence of pneumonia.

Oliguria (urine output <0.5ml/kg/hr for at least two hours, despite adequate fluid resuscitation)

Creatinine rise of >44.2μmol/l. Sepsis is severe if creatinine level >176μmol/l

Coagulation abnormalities (International Normalised Ratio [INR] >1.5 or activated partial thromboplastin time [APTT] >60s)

Thrombocytopaenia (platelet count <100 x 109/l)

Hyperbilirubinaemia (plasma total bilirubin> 70μmol/l)

Ileus (absent bowel sounds)



11 of 14RCOG Green-top Guideline No. 64a © Royal College of Obstetricians and Gynaecologists

APPENDIX 2

Staphylococcal and streptococcal toxic shock syndrome clinical disease definition.12,23

Staphylococcal toxic shock24 Streptococcal toxic shock syndrome12,24

1. Fever > /= 39.9°C A. Isolation of beta-haemolytic group A Streptococcus from: 

2. Rash – diffuse macular erythroderma 1. normally sterile site – blood, CSF, peritoneal fluid, tissue biopsy

3. Desquamation – 10 to 14 days after onset of illness, 2. non-sterile site – throat, vagina, sputum

especially palms and soles 

4. Hypotension – systolic BP < 90 mm Hg adults 

5. Multisystem involvement B. Clinical case definition

Three or more of the following systems affected: Multi-organ involvement characterised by: 

● Gastrointestinal – vomiting or diarrhoea at onset illness 1. Hypotension

● Muscular – severe myalgia or elevated creatinine phosphokinase plus

● Mucous membranes – vaginal, oro-pharyngeal or conjunctival 2. Two or more of the following:

hyperaemia ● Renal impairment – creatinine >176μmol/l 

● Renal – creatinine twice the upper limit of normal ● Coagulopathy – platelets < 100 x 109/l or disseminated intravascular 

● Hepatic – total bilirubin twice the upper limit of normal coagulation

● Haematological – platelets < /= 100 x 109/l ● Liver involvement – alanine transaminase or aspartame 

● Central nervous system – disorientation or alterations in transaminase or bilirubin levels twice the normal upper limit for age 

consciousness without focal neurological signs ● Acute respiratory distress syndrome

● Generalised erythematous macular rash (present in 10%) – may 

desquamate

● Soft tissue necrosis including necrotising fasciitis, myositis or 

gangrene

Case classification: Case classification:

Probable – four of the five clinical findings positive Probable – meets clinical case definition (above) plus isolation from 

non-sterile site 

Confirmed – case with all five clinical findings Definite – meets clinical case definition (above) plus isolation of group 

A Streptococcus from a normally sterile site 



APPENDIX 3

Antibiotic spectra for obstetrics and gynaecology.

Dr Marina S Morgan, 2012

Solid lines represent roughly the proportion of the bacteria sensitive to that antibiotic. 
NB: Tazocin may not be effective against some ESBL producing Gram-negative bacteria, and carbapenemase
producing organisms will be resistant to carbapenems.
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Grades of recommendations

At least one meta-analysis, systematic review or
randomised controlled trial rated as 1++ and
directly applicable to the target population; or 

A systematic review of randomised controlled
trials or a body of evidence consisting
principally of studies rated as 1+ directly
applicable to the target population and
demonstrating overall consistency of results

A body of evidence including studies rated as
2++ directly applicable to the target
population, and demonstrating overall
consistency of results; or 

Extrapolated evidence from studies rated as
1++ or 1+

A body of evidence including studies rated as
2+ directly applicable to the target population
and demonstrating overall consistency of
results; or 

Extrapolated evidence from studies rated as
2++

Evidence level 3 or 4; or 

Extrapolated evidence from studies rated as 2+

Good practice point

Recommended best practice based on the
clinical experience of the guideline
development group

Classification of evidence levels

1++ High-quality meta-analyses, systematic
reviews of randomised controlled trials
or randomised controlled trials with a
very low risk of bias

1+ Well-conducted meta-analyses, systematic
reviews of randomised controlled trials
or randomised controlled trials with a
low risk of bias

1– Meta-analyses, systematic reviews of
randomised controlled trials or
randomised controlled trials with a high
risk of bias

2++ High-quality systematic reviews of
case–control or cohort studies or high-
quality case–control or cohort studies
with a very low risk of confounding, bias
or chance and a high probability that the
relationship is causal

2+ Well-conducted case–control or cohort
studies with a low risk of confounding,
bias or chance and a moderate
probability that the relationship is causal

2- Case–control or cohort studies with a
high risk of confounding, bias or chance
and a significant risk that the
relationship is not causal

3 Non-analytical studies, e.g. case reports,
case series

4 Expert opinion

P

C

D

B

A

APPENDIX 4

Clinical guidelines are ‘systematically developed statements which assist clinicians and women in making
decisions about appropriate treatment for specific conditions’. Each guideline is systematically developed
using a standardised methodology. Exact details of this process can be found in Clinical Governance
Advice No.1: Development of RCOG Green-top Guidelines (available on the RCOG website at
http://www.rcog.org.uk/guidelines). These recommendations are not intended to dictate an exclusive
course of management or treatment. They must be evaluated with reference to individual patient needs,
resources and limitations unique to the institution and variations in local populations. It is hoped that this
process of local ownership will help to incorporate these guidelines into routine practice. Attention is
drawn to areas of clinical uncertainty where further research might be indicated.

The evidence used in this guideline was graded using the scheme below and the recommendations
formulated in a similar fashion with a standardised grading scheme.
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Abstract

In the triennium 2006–2008, 261 women in the UK died directly or indirectly related to pregnancy. The overall maternal

mortality rate was 11.39 per 100,000 maternities. Direct deaths decreased from 6.24 per 100,000 maternities in 2003–2005

to 4.67 per 100,000 maternities in 2006–2008 (p = 0.02). This decline is predominantly due to the reduction in deaths from

thromboembolism and, to a lesser extent, haemorrhage. For the first time there has been a reduction in the inequalities

gap, with a significant decrease in maternal mortality rates among those living in the most deprived areas and those in the

lowest socio-economic group. Despite a decline in the overall UK maternal mortality rate, there has been an increase in

deaths related to genital tract sepsis, particularly from community acquired Group A streptococcal disease. The mortality

rate related to sepsis increased from 0.85 deaths per 100,000 maternities in 2003–2005 to 1.13 deaths in 2006–2008, and

sepsis is now the most common cause of Direct maternal death. Cardiac disease is the most common cause of Indirect

death; the Indirect maternal mortality rate has not changed significantly since 2003–2005. This Confidential Enquiry identi-

fied substandard care in 70% of Direct deaths and 55% of Indirect deaths. Many of the identified avoidable factors remain

the same as those identified in previous Enquiries. Recommendations for improving care have been developed and are

highlighted in this report. Implementing the Top ten recommendations should be prioritised in order to ensure the overall

UK maternal mortality rate continues to decline.

Our aim is to improve the health of mothers, babies and children by carrying out confidential enquires and related

work on a nationwide basis and by widely disseminating our findings and recommendations.

Please cite this work as: Centre for Maternal and Child Enquiries (CMACE). Saving Mothers’ Lives: reviewing maternal

deaths to make motherhood safer: 2006–08. The Eighth Report on Confidential Enquiries into Maternal Deaths in the Uni-

ted Kingdom. BJOG 2011;118(Suppl. 1):1–203.

This work was undertaken by the Centre for Maternal and Child Enquries (CMACE). The work was funded by the

National Patient Safety Agency, the Scottish Programme for Clinical Effectiveness in Reproductive Health, by the Depart-

ment of Health, Social Services and Public Safety of Northern Ireland and the States of Jersey and Guernsey, and Isle of

Man. The views expressed in this publication are those of the Enquiry and not necessarily those of its funding bodies.

Ireland joined the Enquiry in January 2009, at the commencement of the 2009–11 triennium, and its contribution will be

included in the Saving Mothers’ Lives report for that triennium. The Irish office is located at the National Perinatal Epide-

miology Centre, Cork University Maternity Hospital, Cork.

All rights reserved. No part of this publication may be reproduced, stored or transmitted in any form or by any means,

without the prior written permission of CMACE, or in the case of reprographic reproduction, in accordance with the terms

of licences issued by the Copyright Licensing Agency in the UK (www.cla.co.uk). Enquiries concerning reproduction outside

the terms stated here should be sent to CMACE at the address printed on this page.

Making duplicate copies of this Report for legitimate clinical or other noncommercial purposes with the UK NHS is permit-

ted provided the CMACE is identified as the originator of the information. Making alterations to any of the information con-

tained within, or using the information in any other work or publication without prior permission, will be a direct breach of

copyright and may result in civil action.

The use of registered names, trademarks, etc., in this publication does not imply, even in the absence of a specific state-

ment, that such names are exempt from the relevant laws and regulation and therefore free for general use.

Product liability: CMACE can give no guarantee for information about drug dosage and application thereof contained in this

guideline. In every individual case the respective user must check its accuracy by consulting other pharmaceutical literature.

Published March 2011

CMACE, Chiltern Court, 188 Baker Street, London, NW1 5SD, UK

Tel.: + 44 207 486 1191 Fax: + 44 207 486 6226

Email: info@cmace.org.uk Website: www.cmace.org.uk

Acknowledgements

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 1



Saving Mothers’ Lives: Reviewing maternal deaths to make motherhood
safer—2006–08

The Eighth Report of the Confidential Enquiries into Maternal Deaths in the United Kingdom

Director and Editor

Gwyneth Lewis OBE MSc MRCGP FFPH FRCOG FACOG DSc

Central Assessors and Authors

Roch Cantwell FRCPsych

Thomas Clutton-Brock FRCP FRCA

Griselda Cooper OBE FRCA FRCOG

Andrew Dawson MD FRCOG

James Drife MD FRCOG FRCP (Ed) FRCS (Ed) FCOG (SA) FFSRH

Debbie Garrod RM, DPSM, BA, MA, PGCE

Ann Harper OBE MD FRCOG FRCPI FFSRH

Diana Hulbert FRCS FCEM

Sebastian Lucas FRCP FRCPath

John McClure FRCA

Harry Millward-Sadler FRCPath, MHSM

James Neilson MD FRCOG

Catherine Nelson-Piercy FRCP FRCOG

Jane Norman MD FRCOG

Colm O’Herlihy MD FRCPI FRCOG FRANZCOG

Margaret Oates OBE FRCPsych FRCOG

Judy Shakespeare MRCP FRCGP

Michael de Swiet MD FRCP FRCOG

Catherine Williamson MD FRCP

Other authors and contributors

Valerie Beale RN RM Dip Man MSc

Marian Knight MPH DPhil FFPH

Christopher Lennox FRCOG

Alison Miller RN RM RDM

Dharmishta Parmar BA Hons

Jane Rogers BA PhD DPSM SRN RM

Anna Springett BSc MSc

Acknowledgements

2 ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203



Contents

Acknowledgements

Foreword

Top ten recommendations

Back to Basics Margaret Oates, Ann Harper, Judy Shakespeare and Catherine Nelson-Piercy

Aims, objectives and definitions used in this report Gwyneth Lewis

Key Findings for 2006–2008

1. The women who died 2006–2008 Gwyneth Lewis

Maternal deaths Directly related to pregnancy

2. Thrombosis and thromboembolism James Drife

3. Pre-eclampsia and eclampsia James Neilson

4. Haemorrhage Jane Norman

5. Amniotic fluid embolism Andrew Dawson

6. Deaths in early pregnancy Colm O’Herlihy

7. Sepsis Ann Harper

Annex 7.1: A possible future approach to case definitions Sebastian Lucas

8. Anaesthesia John McClure and Griselda Cooper

Maternal deaths Indirectly related to pregnancy

9. Cardiac disease Catherine Nelson-Piercy

Annex 9.1. Pathological overview of cardiac deaths including sudden adult/arrhythmic death syndrome (SADS) Sebas-

tian Lucas

10. Other Indirect deaths Michael de Swiet, Catherine Williamson and Gwyneth Lewis

11. Deaths from psychiatric cause Margaret Oates and Roch Cantwell

Deaths apparently unrelated to pregnancy

12. Deaths apparently unrelated to pregnancy from Coincidental and Late causes including domestic abuse Gwyneth

Lewis

Annex 12.1: Domestic abuse

Key Issues and lessons for specific health service practice, organisation and/or health professionals

13. Midwifery Debbie Garrod, Valerie Beale and Jane Rogers

14. General Practice Judy Shakespeare

15. Emergency medicine Diane Hulbert

16. Critical Care Tom Clutton-Brock

17. Pathology overview Sebastian Lucas and Harry Millward Sadler

17.1 The main clinico-pathologies encountered at autopsy in maternal death and specific pathological scenarios

(Adapted from Royal College of Pathologists: Guidelines on Autopsy Practice. Scenario 5: Maternal Death. May

2010.)

Appendices

Appendix 1: The method of Enquiry

Appendix 2A: Summary of United Kingdom Obstetric Surveillance System (UKOSS) Report on near miss studies

Appendix 2B: Summary of Scottish Confidential Audit of Severe Maternal Morbidity Report 2008

Appendix 3: Contributors to the Maternal Death Enquiry for triennium 2006 08 and CMACE personnel

Appendix 4: CMACE Governance

Contents

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 3



Acknowledgements
CMACE wishes to thank all the healthcare professionals and staff who assisted with the individual cases and who have con-

tributed their time and expertise and without whom this report would not have been possible. With their help this Enquiry

remains an outstanding example of professional self-audit, and will continue to improve the care provided to pregnant and

recently delivered women and their families.

In particular, thanks are due to:

• Professor Gwyneth Lewis, Director of the Maternal Death Enquiry and Editor of Saving Mothers’ Lives and her PA,

Charlene Bruneau.

• All Central Authors and Assessors, and other authors and contributors. Particular thanks go to several retiring

Central Authors and Assessors after many years of dedicated hard work and passion. These are Dr Griselda Coo-

per, Professor Michael de Swiet, Professor James Drife, Dr John McClure, Dr Harry Millward-Sadler and Dr Mar-

garet Oates.

• All the Regional Assessors (listed in Appendix 3).

• The Office of National Statistics.

• All CMACE regional staff for liaising with local clinicians and managing the data collection process and all staff at

Central Office involved in the work of the enquiry (listed in Appendix 3).

• Shona Golightly, Dr Kate Fitzsimons, Rachael Davey and James Hammond for help and assistance in the publication

of this report.

• Professor Oona Campbell, Department of Epidemiology and Reproductive Health, London School of Hygiene and

Tropical Medicine; Ms Mervi Jokinen, Practice and Standards Development Adviser, Royal College of Midwives; and

Miss Sara Paterson Brown, Consultant Obstetrician and Gynaecologist, Queen Charlotte’s Hospital, Imperial NHS

Trust, London, for providing external review to this Report.

Acknowledgements

4 ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203



Foreword

The death of a mother, a young woman who had hopes

and dreams for a happy future but who dies before her

time, is one of the cruellest events imaginable. The short

and long-term impact of such a tragedy on her surviving

children, partner, wider family, the community and the

health workers who cared for her cannot be overestimated.

Yet despite considerable advances in maternity care, and

world-class care provided by highly trained and motivated

professionals, good maternal health is still not a universal

right, even in countries such as ours which have high-qual-

ity maternity services and very low maternal mortality and

morbidity rates.

This is one the most important reports published dur-

ing the unbroken, nearly 60-year history of the Confiden-

tial Enquiries into Maternal Deaths. It shows for the first

time in many years, a small but very welcome decline in

the overall maternal mortality as well as larger reductions

in deaths from some clinical causes. It is difficult to

ignore the apparent relationship between the significant

decline in deaths from pulmonary embolism, and to a les-

ser degree from other causes except from sepsis, and the

publication and implementation of clinical guidelines

which have been recommended in previous Enquiry

reports.

Perhaps more welcome, in terms of the overall public

health, are the first signs of a narrowing in the long-stand-

ing gap relating to pregnancy outcomes between the more

comfortable and most deprived women in our population.

This includes a significant reduction in the death rate

among Black African mothers. These improvements dem-

onstrate how our maternity services have changed to reach

out and care for a group of vulnerable mothers, many of

whom have sought refuge within our shores and who often

present with medical and social challenges.

The decline in the maternal mortality rate is all the more

impressive for having taken place against a background of

an increasing birth rate, which has sometimes stretched the

maternity services, and a generally older and less healthy

population of mothers. Moreover, the numbers of births to

women born outside the UK have risen, and these mothers

often have more complicated pregnancies, have more seri-

ous underlying medical conditions or may be in poorer

general health. It is also impressive that this reduction in

deaths has occurred at a time when some other developed

countries, such as the USA, are experiencing an increase in

maternal deaths.

These results have been hard won. The enthusiasm and

engagement of our maternity staff for embracing the work

of this Enquiry, and acting on its findings and recommen-

dations, is second to none. The reduction in deaths has

occurred at a time of considerable turbulence and reorgani-

sation in the way maternity services are provided in some

of the constituent countries of the UK. This Enquiry con-

tinues to be truly owned by health professionals who tell us

that they are proud to work in a healthcare system in

which they can participate in, and learn from, such honest

reviews of the worst possible outcomes. It is their commit-

ment that makes this review the envy of maternity workers

in other parts of the world, and why the Enquiry will be

proud to incorporate Ireland in the next Report for 2009–

11. Many other countries, rich and poor, are now starting

similar programmes and are benefitting from advice, prac-

tical help and mentoring by the assessors, particularly the

Director, Professor Gwyneth Lewis OBE, Professor James

Drife and the Centre for Maternal and Child Enquiries

(CMACE) team.

It is vital that this momentum is not lost and that low

mortality rates do not lead to inertia. Experience has taught

us that old messages need repeating, especially as new cad-

res of healthcare workers join the service, and there are

always new and unexpected challenges. These include the

rise in deaths from community-acquired Group A strepto-

coccal sepsis detailed in this report, which led to an earlier

public health alert. The emergence of H1N1 virus infection

will be covered in the next report covering the relevant

time period. In line with new ways of working, new ways

of disseminating the results and recommendations need to

be found. It is essential to include this report as part of the

Continuing Professional Development requirements for all

health professionals who may care for pregnant women,

and we expect the Colleges to develop innovative methods

to enable this to be taken forward.

All of those who contributed to the work of this

Enquiry, especially its assessors and authors, are to be con-

gratulated for developing such a readable and practical

book which, in the best traditions of maternity care, has
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been written jointly by a multidisciplinary team of mater-

nity professionals. Such partnership is the bedrock of

maternity service provision. Several long-standing, hard-

working and eminent authors are retiring this triennium

and we owe them a huge debt of gratitude for the passion

and commitment they have given to the Enquiry over the

years. Our grateful thanks go to Dr Griselda Cooper OBE,

Professor Michael de Swiet, Professor James Drife, Dr John

McClure, Dr Harry Millward-Sadler and Dr Margaret Oates

OBE.

We commend this report to all health-service commis-

sioners and professionals as well as to those with a general

interest in pregnancy and birth. Learning and acting on the

important messages contained within each chapter will lead

to continuing improvements in the prevention and man-

agement of life-threatening complications of pregnancy. By

doing so we shall ensure that for every mother, pregnancy,

birth and the start of a new life are as healthy and happy

as possible.

Disclosure of interest
Professor Dame Sally C Davis, Dr Michael McBride, Dr

Tony Holohan, Dr Tony Jewell and Dr Harry Burns have

no competing interests to disclose.

Professor Dame Sally C Davies

Chief Medical Officer (Interim)—England

Dr Michael McBride

Chief Medical Officer—Northern Ireland

Dr Tony Holohan

Chief Medical Officer—Republic of Ireland

Dr Tony Jewell

Chief Medical Officer—Wales

Harry Burns

Dr Harry Burns

Chief Medical Officer—Scotland
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‘Top ten’ recommendations

Keywords recommendations, Confidential Enquiry, maternal,

mortality.

The overwhelming strength of successive Enquiry Reports

has been the impact their findings have had on maternal

and newborn health in the UK and further afield. Over the

years there have been many impressive examples of how

the implementation of their recommendations and guide-

lines have improved policies, procedures and practice and

saved the lives of more mothers and babies. The encourag-

ing results given in this Report, in particular the reduction

in deaths from Direct causes, especially thromboembolism,

as well as among some minority ethnic groups, suggest that

previous recommendations have had a positive effect.

Another example is the increasing number of women

‘booking’ for maternity care by 12 completed weeks of ges-

tation, a key recommendation in earlier Reports and which

was chosen to be a cornerstone of maternity-care provision

in England. However, in other areas, improvements remain

to be seen, and therefore some recommendations from the

last Report are repeated here.

Arriving at the ‘Top ten’

Over time, as the evidence base for clinical interventions

has grown, and with the expansion of the Enquiry into

other professional areas and the wider social and public-

health determinants of maternal health, the number of rec-

ommendations made in this Report has increased.

Although these recommendations are important, the

increasing numbers make it difficult for commissioners and

service providers, in particular at hospital or Trust level, to

identify those areas that require action as a top priority.

Therefore, to ensure that the key overarching issues are not

lost, this Report, as with the last Report for 2003–05, con-

tains a list of the ‘Top ten’ recommendations which all

commissioners, providers, policy-makers, clinicians and

other stakeholders involved in providing maternity services

should plan to introduce, and audit, as soon as possible.

By their overarching or cross-cutting nature, most of these

recommendations are broad based and will require a multi-

disciplinary approach rather than having relevance for the

specific clinical practice of individual healthcare workers.

On an individual and team basis, therefore, all healthcare

professionals and teams providing maternity care should

also read the individual clinical recommendations relating

to specific clinical causes of death or their individual speci-

ality as well as these overarching ones.

These overarching recommendations were drawn up fol-

lowing detailed discussions between all of the assessors

involved in this Report. In some cases, they considered that

insufficient progress has been made since the last Report and

that a similar recommendation needs to be repeated here.

This list adds to, but does not replace, key recommenda-

tions made in earlier Reports.

Baseline data and audit of progress

All changes and interventions need to be monitored and

the outcome or impact must be audited to ensure that they

are resulting in beneficial changes to the quality of care or

services provided to pregnant or recently delivered women.

If not then remediable action to improve the outcomes can

be taken. It is recognised that the data needed to audit

these recommendations may not be currently available or

collected routinely in all units, but it could form part of a

future local audit or dataset. National data sets are cur-

rently being developed and it may be possible to incorpo-

rate these in future Reports.

Learning from specific individual
Chapter recommendations

Whereas the ‘Top ten’ recommendations are mainly of gen-

eral importance, the individual Chapters in this Report

contain more targeted recommendations for the identifica-

tion and management of particular conditions for specific

services or professional groups. These are no less important

and should be addressed by any relevant national bodies as

well as by local service commissioners, providers and indi-

vidual healthcare staff.

Top ten recommendations

These are not in any order of priority.

‘Top ten’ recommendations
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Service provision

Recommendation 1: Pre-pregnancy
counselling

1.1 Women of childbearing age with pre-existing medi-

cal illness, including psychiatric conditions, whose con-

ditions may require a change of medication, worsen or

otherwise impact on a pregnancy, should be informed

of this at every opportunity. This is particularly impor-

tant since 50% of pregnancies are not planned. They

should be pro-actively offered advice about planning for

pregnancy and the need to seek pre-pregnancy counsel-

ling whenever possible. Prior to pregnancy, these

women should be offered specific counselling and have

a prospective plan for the management of their preg-

nancy developed by clinicians with knowledge of how

their condition and pregnancy interact.

1.2 Pre-pregnancy counselling services, starting for

women with pre-existing medical illnesses, but ideally

for all women planning a pregnancy, are a key part of

maternity services and should be routinely commis-

sioned as an integral part of the local maternity services

network. They could be provided by the GP practice,

specialist midwives or other specialist clinicians or

obstetricians, all of whom should be suitably trained

and informed. General practitioners should refer all

relevant women to the local services if they do not pro-

vide such counselling themselves.

Rationale

As in previous Reports, the findings of this triennium

show that many of the women who died from pre-exist-

ing diseases or conditions that may seriously affect the

outcome of their pregnancies, or that may require differ-

ent management or specialised services during pregnancy,

did not receive any pre-pregnancy counselling or advice.

As a result, their care was less than optimal because nei-

ther they nor their carers realised that closer surveillance

or changes to medications were appropriate. Furthermore,

unless women receive specific counselling that their drugs

are safe in pregnancy, some will stop taking essential

therapy because of their concerns about the risk to the

fetus.

The more common conditions that require pre-preg-

nancy counselling and advice include:

• epilepsy

• diabetes

• asthma

• congenital or known acquired cardiac disease

• autoimmune disorders

• renal or liver disease

• obesity: a body mass index of 30 or more

• severe pre-existing or past mental illness

• HIV infection.

Baselines and auditable standards

Maternity service commissioners and maternity services:

• Number and percentage of pregnant women with pre-

existing medical conditions for whom specialist pre-

conception counselling is offered at December 2011

and then by the end of 2013. A national maternity

record may enable such information to be included and

easier to identify.

Recommendation 2: Professional
interpretation services

Professional interpretation services should be provided

for all pregnant women who do not speak English.

These women require access to independent interpreta-

tion services, as they continue to be ill-served by the

use of close family members or members of their own

local community as interpreters. The presence of rela-

tives, or others with whom they interact socially, inhi-

bits the free two-way passage of crucial but sensitive

information, particularly about their past medical or

reproductive health history, intimate concerns and

domestic abuse.

Rationale

Although it is known that where there is a concentration of

women from the same minority ethnic group their infor-

mation network concerning maternity care can be good,

this does not obviate the need for professional interpreting

services. A lack of availability of suitable interpreters is one

of the key findings running throughout this Report. The

use of family members, in some cases very young school-

age children of both sexes, or members of their own, usu-

ally tight-knit, community as translators causes concern

because:

• The woman may be too shy to seek help for intimate

concerns.

• It is not appropriate for a child to translate intimate

details about his or her mother and unfair on both the

woman and child.

• It is not clear how much correct information is con-

veyed to the woman, as the person who is interpreting

may not have a good grasp of the language, does not

understand the specific medical terminology or may

withhold information.

• Some women arrive in the UK late in their pregnancy,

and the absence of an interpreter means that a compre-

hensive booking history cannot be obtained.

‘Top ten’ recommendations
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• In some cases, the translator is a perpetrator of domes-

tic abuse against his partner, so the woman is unable to

ask for advice or help.

• Healthcare staff are unable to pass back their own clini-

cal concerns in an appropriate manner.

As a woman said in a recent Department of Health Task

Force Report against domestic and sexual abuse1 ‘even if

the perpetrator isn’t with you, he sends one of his family

members with you. And in the name of honour you can’t

ever talk about it. Especially if they say ‘‘I’m going to inter-

pret because she can’t speak English’’.’

Apart from the unsuitability of using family or commu-

nity members to undertake this role, those used in this

manner appeared to have had little knowledge of English

themselves. Commissioners and providers of maternity

services should therefore ensure that professional and

independent interpretation services are available in both

primary-care and secondary-care settings, to ensure that all

women can be confident that they can speak freely and in

confidence to their maternity-care providers. Telephone-

based services have proved very useful in similar situa-

tions.

Baselines and auditable standards

Maternity service commissioners and maternity services:

• The availability of a local service guideline on care for

women who do not speak English, including interpreta-

tion services.

• As part of a local maternity services needs assess-

ment, a local audit of the numbers and percentages

of pregnant women who require and are using pro-

fessional interpretation services per visit. Baseline

measurements by December 2011 and then by the

end of 2013.

Recommendation 3: Communications
and referrals

3.1. Referrals to specialist services in pregnancy should

be prioritised as urgent. In some specialties, routine

referrals can take weeks or months, or even be rejected

because of local commissioning rules. This is unaccep-

table for pregnant women. The referral must clearly

state that the woman is pregnant, and its progress

must be followed up. Trainee doctors and midwives

should have a low threshold for referral ‘‘upwards’’

and must receive an immediate response. Referral

between specialties should be at a senior level. When

rapid referral is required, the senior doctor should use

the telephone.

3.2. Good communication among professionals is essen-

tial. This must be recognised by all members of the

team looking after a pregnant woman, whether she is

‘‘low risk’’ or ‘‘high risk’’. Her GP must be told that she

is pregnant. If information is required from another

member of the team, it is not enough to send a routine

request and hope for a reply. The recipient must

respond promptly, and if not, the sender must follow it

up. With a wide variety of communication methods

now available, including e-mail, texting and fax, teams

should be reminded that the telephone is not an obso-

lete instrument.

Rationale

There were a number of cases in this Report of women dying

before they had seen the specialist to whom they had been

referred because of medical problems. Some women received

appointments weeks after the original referral despite clearly

being very ill, but the progress of the referral was not fol-

lowed up. One or two women were also refused specialist

services because of local commissioning arrangements.

In many cases of substandard care assessed by this

Enquiry, there were major failures of communication

between healthcare workers that may have contributed to

the woman’s death in some cases. Notably, these included

GPs not being asked for information or not being con-

sulted about further referral and, in some cases, the GP not

being informed that the woman was pregnant. The con-

verse was also true, with the GP not passing on informa-

tion relevant to the woman’s health and wellbeing.

It is also evident from some of these cases that junior

trainees and midwives in the front line seeing women

attending as emergencies did not have proper support and

back up and need to have clear guidelines about when to

seek senior help. They should not be expected to manage

sick women alone, and if they ask for help and review, they

should be supported. Trainees need to communicate the

gravity and urgency of the situation clearly when discussing

women with consultants, who should ensure that they have

asked enough questions to enable themselves to assess the

situation fully and whether they need to attend in person.

They should also adhere to the recent Royal College of

Obstetricians and Gynaecologists (RCOG) guideline on the

responsibility of the consultant on call, which gives a clear

indication of the duties of a consultant obstetrician and

when they should attend.2

Baselines and auditable standards

Maternity service commissioners and maternity services:

• The number of maternity services with local guidelines

or protocols which have been developed to clarify their
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communications and ‘escalation upwards’ referral

procedures. This includes the number of services that

have adopted the recent RCOG guideline on the

responsibility of the consultant on call.2

• The waiting times before being seen after a woman

has been referred for a specialist opinion and a sys-

tem for ensuring that women are seen with sufficient

urgency.

• As part of a local maternity services needs assessment, a

local audit of the numbers and percentages of pregnant

women who are refused referral to specialist services by

commissioners. Baseline measurements by December

2011 and then by the end of 2013.

Recommendation 4: Women with
potentially serious medical
conditions require immediate and
appropriate multidisciplinary
specialist care

Women with pre-existing disease at the start of preg-

nancy:

4.1 Women whose pregnancies are likely to be compli-

cated by potentially serious underlying pre-existing

medical or mental health conditions should be imme-

diately referred to appropriate specialist centres of

expertise where both care for their medical condition

and their obstetric care can be optimised. Providers

and commissioners should consider developing proto-

cols to specify which medical conditions mandate

at least a consultant review in early pregnancy. This

agreement should take place via local maternity

networks.

Pregnant women who develop potential complications:

4.2. Women whose pregnancies become complicated by

potentially serious medical or mental health conditions

should have an immediate referral to the appropriate

specialist centres of expertise as soon as their symptoms

develop.

4.3. In such urgent cases, referral can take place by

telephone contact with the consultant or their secretary

(to make sure they are available or identify an

alternative consultant if not), followed up by a fax if

necessary.

4.4. Midwives and GPs should be able to refer women

directly to both a obstetrician or a non-obstetric specia-

list - but must inform the obstetrician. The midwife

should, wherever possible, discuss this with, or alert, the

woman’s GP.

Rationale

Medical care is advancing rapidly, as are changes in the way

‘routine’ maternity care is provided in the UK, and women

must not be disadvantaged by this. It must be appreciated

that not all maternity centres are able or equipped to care

for pregnant women with major complications either pre-

ceding or developing in pregnancy. If women with underly-

ing medical conditions are to share in the advances in

medicine, more will require referral to tertiary or specialist

medical centres for their care in pregnancy.

This triennium, the assessors have been struck by the lack

of appropriate referral of potentially high-risk women, and

lack of consultant involvement remains a problem in the care

of women with serious medical problems. The reasons for

failure to refer are likely to be multiple. It may be that the

medical problem is beyond the resources of a secondary refer-

ral centre: for example complex liver disease in pregnancy.

This may require hepatobiliary surgeons, hepatologists and

haematologists skilled in the management of coagulopathy.

It may also be that, although the secondary referral cen-

tre has a ‘specialist’ centre, the clinicians there are insuffi-

ciently skilled in the management of pregnancy in women

with the disease that they specialise in, for example heart

disease. The local clinicians may be excellent at the man-

agement of ischaemic heart disease but not in caring for

congenital heart disease or cardiomyopathy.

It is also possible that the secondary centre may be too

small to develop sufficient expertise in the management of

the disease in question or to set up the combined medical/

obstetric clinics that have been recommended, for example

to care for insulin-dependent diabetes in pregnancy.

Baseline and auditable standards

Maternity service commissioners and maternity services:

Evidence of protocols in place in specialist centres which

specify which pregnant women with pre-existing or new

medical disorders should be referred for consultant obste-

trician assessment: measurement by December 2011 and

then by the end of 2013.

Quality of care

Recommendation 5: Clinical skills and
training

5.1. Back to basics. All clinical staff must undertake reg-

ular, written, documented and audited training for the

identification and initial management of serious obste-

tric conditions or emerging potential emergencies, such

as sepsis, which need to be distinguished from com-

monplace symptoms in pregnancy.

5.2. All clinical staff must also undertake regular, writ-

ten, documented and audited training for:
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The understanding, identification, initial management

and referral for serious commoner medical and mental

health conditions which, although unrelated to preg-

nancy, may affect pregnant women or recently delivered

mothers. These may include the conditions in recom-

mendation 1, although the list is not exclusive

The early recognition and management of severely ill

pregnant women and impending maternal collapse

The improvement of basic, immediate and advanced life

support skills. A number of courses provide additional

training for staff caring for pregnant women and new-

born babies.

Rationale

A lack of clinical knowledge and skills among some doc-

tors, midwives and other health professionals, senior or

junior, was one of the leading causes of potentially avoid-

able mortality this triennium. One of the commonest

findings in this Report was the initial failure by many

clinical staff, including GPs, Emergency Department staff,

midwives and hospital doctors, to immediately recognise

and act on the signs and symptoms of potentially life-

threatening conditions. To help with this, the assessors

have developed a short new section, Back to basics, which

is included in this Report for the first time. Although not

exhaustive, nor designed to replace more in-depth clinical

training, it does contain useful checklists to act as an

aide memoire. Its contents may appear simplistic or self-

evident to many readers, but it nevertheless reflects the

fact that these basic signs and symptoms were too often

overlooked and may have contributed to some maternal

deaths this triennium.

As with the previous Report, even sick women who were

admitted to specialist care were still failed by a lack of rec-

ognition of the severity of their illness or a failure to refer

for another opinion (see also Recommendation 6).

There is also a need for staff to recognise their

limitations and to know when, how and whom to call for

assistance.

Baseline and auditable standards

The provision of courses and a system for ensuring all staff

attend and complete the training as identified in the Clini-

cal Negligence Scheme for Trusts (CNST) Training Needs

Analysis. This is a level 1 requirement for CNST maternity

services in England. The record of attendees should be reg-

ularly audited to reinforce, familiarise and update all staff

with local procedures, equipment and drugs.

• Number and percentage of members of all cardiac arrest

teams who know where the maternity unit is and who

know the door codes for gaining immediate access to it.

Target 100%.

Recommendation 6: Specialist clinical
care: identifying and managing very
sick women

6.1. There remains an urgent need for the routine use

of a national modified early obstetric warning score

(MEOWS) chart in all pregnant or postpartum women

who become unwell and require either obstetric or

gynaecology services. This will help in the more timely

recognition, treatment and referral of women who have,

or are developing, a critical illness during or after preg-

nancy. It is equally important that these charts are also

used for pregnant or postpartum women who are

unwell and are being cared for outside obstetric and

gynaecology services e.g. Emergency Departments.

Abnormal scores should not just be recorded but should

also trigger an appropriate response.

6.2. The management of pregnant or postpartum women

who present with an acute severe illness, e.g. sepsis with

circulatory failure, pre-eclampsia/eclampsia with severe

arterial hypertension and major haemorrhage, requires a

team approach. Trainees in obstetrics and/or gynaecol-

ogy must request help early from senior medical staff,

including advice and help from anaesthetic and critical

care services. In very acute situations telephoning an

experienced colleague can be very helpful. The recent

RCOG guideline of the duties and responsibilities of

consultant on call should be followed.

6.3 Pregnant or recently delivered women with unex-

plained pain severe enough to require opiate analgesia

require urgent senior assessment/review.

Rationale

As mentioned in the Back to basics recommendation, a

lack of clinical knowledge and skills among some doctors,

midwives and other health professionals, senior or junior,

was one of the leading causes of potentially avoidable

mortality. This was not only the case when distinguishing

the signs and symptoms of potentially serious disease

from the commonplace symptoms of pregnancy in pri-

mary care or the Emergency Department but also once a

woman was admitted to hospital. There were a number

of healthcare professionals who either failed to identify

that a woman was becoming seriously ill or who failed to

manage emergency situations outside their immediate area

of expertise, and did not call for advice and help.

In many cases in this Report, and relevant to the issues

identified in the preceding paragraph, the early warning

signs of impending maternal collapse went unrecognised.

The early detection of severe illness in mothers remains a

challenge to all involved in their care. The relative rarity
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of such events, combined with the normal changes in

physiology associated with pregnancy and childbirth,

compounds the problem. Modified early warning scoring

systems have been successfully introduced into other areas

of clinical practice, and the last Report gave an example

of a MEOWS chart. This is available on the CMACE

website at www.cmace.org.uk. These charts should be

introduced for all pregnant or postpartum women who

become unwell and require further treatment, including

following obstetric interventions and gynaecological sur-

gery.

A small but important point is that a recurrent theme

and recommendation throughout successive Reports, which

has made no impact, is that women who have unexplained

pain severe enough to require opiate analgesia have a

severe problem and must be referred for specialist investi-

gation and diagnosis. Women with cardiac disease,

impending aortic dissection and other causes of death were

missed in this way.

CNST and similar schemes in other UK countries may

wish to consider whether the use of MEOWS charts should

be part of the audit of notes carried out as part of the

assessment process.

Baseline and auditable standards

The number of maternity services who have adopted a ver-

sion of any existing MEOWS charts and trained all staff in

its use. Baseline measurement by December 2011 and then

by the end of 2013.

• The number of women in hospital following caesarean

section who had regular postoperative observations

taken and recorded on a MEOWS chart and had appro-

priate action taken when variances occurred. This could

be part of the suggested CNST, or similar, audit of notes.

Recommendation 7: Systolic
hypertension requires treatment

7.1 All pregnant women with pre-eclampsia and a systo-

lic blood pressure of 150–160 mmHg or more require

urgent and effective anti-hypertensive treatment in line

with the recent guidelines from the National Institute

for Health and Clinical Excellence (NICE)3. Considera-

tion should also be given to initiating treatment at

lower pressures if the overall clinical picture suggests

rapid deterioration and/or where the development of

severe hypertension can be anticipated. The target systo-

lic blood pressure after treatment is 150 mmHg.

Rationale

It is disappointing that in this triennium, as flagged up in the

last, the single most serious failing in the clinical care provided

for mothers with pre-eclampsia was the inadequate treatment

of their systolic hypertension. In several women, this resulted

in a fatal intracranial haemorrhage. Systolic hypertension was

also a key factor in most of the deaths from aortic dissection.

The last Report suggested that clinical guidelines should iden-

tify a systolic pressure above which urgent and effective anti-

hypertensive treatment is required. Since then, a recent NICE

guideline has identified that threshold as being 150–

160 mmHg.3 The guideline also recommends that pregnant

women with pre-eclampsia and a systolic blood pressure of

150 mmHg or more should be admitted to hospital for urgent

treatment. Clinically, it is also important to recognise

increases in, as well as the absolute values of, systolic blood

pressure. In severe and rapidly worsening pre-eclampsia, early

treatment at <150–160 mmHg is advisable if the trend sug-

gests that severe hypertension is likely.

Auditable standards

Specific local projects should be devised to audit manage-

ment and treatment of severe pre-eclampsia. For example,

one suggestion is to audit the number and proportion of

women with very severe pre-eclampsia (a systolic blood pres-

sure of 180 mmHg or more on two or more occasions) and

then who had a systolic pressure of 150 mmHg or less within

2 hours of starting antihypertensive treatment.

Recommendation 8: Genital tract
infection/sepsis

8.1 All pregnant and recently delivered women need to be

informed of the risks and signs and symptoms of genital

tract infection and how to prevent its transmission.

Advice to all women should include verbal and written

information about its prevention, signs and symptoms

and the need to seek advice early if concerned, as well as

the importance of good personal hygiene. This includes

avoiding contamination of the perineum by washing

hands before and after using the lavatory or changing

sanitary towels. It is especially necessary when the woman

or her family or close contacts have a sore throat or upper

respiratory tract infection.

8.2. All health care professionals who care for pregnant

and recently delivered women should adhere to local

infection control protocols and be aware of the signs and

symptoms of sepsis in the women they care for and the

need for urgent assessment and treatment. This is parti-

cularly the case for community midwives, who may be

the first to pick up any potentially abnormal signs during

their routine postnatal observations for all women, not

just those who have had a caesarean section. If puerperal

infection is suspected, the woman must be referred back

to the obstetric services as soon as possible.
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8.3 High dose intravenous broad-spectrum antibiotic

therapy should be started as early as possible, as

immediate antibiotic treatment may be life saving. It

should be started within the first hour of recognition of

septic shock and severe sepsis without septic shock, as

each hour of delay in achieving administration of effec-

tive antibiotics is associated with a measurable increase

in mortality4,5.

8.4 There is an urgent need for a national clinical guide-

line to cover the identification and management of sep-

sis in pregnancy, labour and the postnatal period and

beyond. This should be available to all health profes-

sionals, maternity units, Emergency Departments, GPs

and Community Midwives. Until such time as a

national guideline is developed, the principles for the

management of acute sepsis as detailed in Chapter 16:

Critical Care of this Report should be adopted. These

are derived from those developed and updated by the

Surviving Sepsis Campaign4.

8.5 Consideration should be given to adopting a more

rational system for classifying maternal deaths from

sepsis, as suggested in Annex 7.1 in this Report.

Rationale

Unlike many other causes of direct maternal mortality,

deaths from genital tract sepsis have risen rather than

declined this triennium. Indeed, genital tract sepsis has

become the leading cause of Direct maternal death in the

UK for the first time since these Confidential Enquiries

into Maternal Deaths commenced in 1952. This is a real

cause for concern, particularly as it has occurred against a

background of an overall decrease in maternal mortality.

Many of these deaths were from community-acquired

Group A streptococcal disease, which mirrors the increased

incidence of Streptococcus A in the general population.

Although for some women, despite excellent care, the out-

come was unavoidable because of the rapid course and late

presentation of their illness, in others, possible opportuni-

ties to save lives were missed. The number of maternal

deaths from sepsis should be reduced still further.

Streptococcal sore throat is one of the most common bac-

terial infections of childhood. All of the mothers who died

from Group A streptococcal sepsis either worked with, or

had, young children. Several mothers had a history of recent

sore throat or respiratory infection, and some of these women

also had family members, especially children, with sore

throats, suggesting that spread from family members is a

further risk factor for developing life-threatening sepsis.

Therefore, all pregnant or recently delivered women need to

be advised of the signs and symptoms of infection and how

to take steps to prevent its transmisson. Women in these

circumstances should also be encouraged to seek urgent med-

ical advice from their GP or maternity services if they feel at

all ill.

As in previous Reports, delays in recognising sepsis, pre-

scribing antibiotics and seeking consultant help were com-

mon. Antibiotics were sometimes prescribed in inadequate

doses, were given orally rather than intravenously, were

given too late or were discontinued too soon. Immediate

aggressive treatment in the first ‘golden hour’ or so offers

the best hope of recovery, as each hour of delay in achiev-

ing administration of effective antibiotics is associated with

a measurable increase in mortality.5

Sepsis is complex, incompletely understood, often diffi-

cult to recognise and manage, and presents a continuing

challenge. Some deaths will always be unavoidable, but bet-

ter training, a structured approach, good care in the com-

munity, and, in hospital, prompt investigation and

treatment, particularly immediate intravenous antibiotic

treatment and early involvement of senior obstetricians, an-

aesthetists and critical-care consultants, may help in future

to save lives.

Auditable standards

The percentage of women who had an infection and who

had antibiotic therapy started within an hour of presumed

diagnosis. Target 100% within 1 hour.

• Until a national guideline is available, all maternity ser-

vices should use existing guidelines to develop their

own clinical guideline for the identification and man-

agement of pregnancy-related sepsis by the end of

December 2011. See Chapter 7.

• The number and percentage of women who receive

routine antibiotic prophylaxis in accordance with

recognised RCOG and NICE guidelines for induced

abortion, premature rupture of membranes, caesarean

section and following obstetric anal sphincter repair.

See Chapter 7.

• The frequency and completeness of routine postnatal

checks in the community compared with NICE Guide-

line on Postnatal Care.

Clinical governance

Recommendation 9: Serious Incident
Reporting and Maternal Deaths

All maternal deaths must be subject to a high quality

local review. In England and Wales the framework for

such serious incidents (previously known as Serious

Untoward Incidents/SUIs) is set out in the NPSA’s

‘‘National Framework for Reporting and Learning from

Serious Incidents Requiring Investigation’’ issued in
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March 2010. The results of such high quality reviews

must be disseminated and discussed with all maternity

staff and their recommendations implemented and

audited at regular intervals.

Rationale

The quality of the serious incident/SUI report forms relating

to maternal deaths assessed for this report was highly vari-

able, with many of dubious or poor quality. These findings

must be taken extremely seriously. For the unacceptable

reports, there was little or no evidence of critical thinking or

acceptance of shortcomings, little or no self-reflective discus-

sion and no evidence that obvious lessons had been identi-

fied, let alone learnt. In these cases, little or no action was

taken on any results, and, in many cases, staff were not

involved in the process or the follow up of any of the lessons

learnt. This was a common finding throughout all the chap-

ters in this Report and one which all assessors agree repre-

sents unacceptable practice that must be corrected as soon as

possible. The evaluation of such reports is recommended to

be a CNST, or similar, requirement in future.

Disappointingly, a similar recommendation was made in

the last Report, but little if any improvement has been seen

in the cases assessed this triennium; the impression is

rather the reverse.

The recommendation drew attention to the need to

highlight who was involved in such reviews—they needed

to include clinicians from relevant disciplines (including

anaesthetics) and must include clinicians who were not

involved with the death. Considering unbiased expert

review might assist real learning from individual deaths.

Auditable standards

Every maternal death should be critically reviewed as a seri-

ous incident and the lessons learnt should be actively dis-

seminated to all clinical staff, risk managers and

administrators. The precise educational and organisational

actions taken as a result must be recorded, audited and

regularly reported to the maternity services board by the

Chief Executive Officer.

Recommendation 10: Pathology

The standard of the maternal autopsy must be

improved. The numbers of locations where they are per-

formed should reduce, with specialist pathologists taking

them on as part of agreed job plans. More clinical dis-

cretion over reporting maternal deaths to coroners is

required, and there should be a complementary major

input by clinicians into obtaining more consented hos-

pital autopsies.

Rationale

Autopsy diagnoses are fundamental in the categorisation of

maternal deaths and their subsequent reviews, locally and

nationally, but, as evidenced by the findings in this Report,

this was often difficult to achieve. With the changing legis-

lation (Coroner and Justice Act 2009) and the introduction

of Medical Examiners to scrutinise all proffered death cer-

tificates, there will be a reduction in the number of coroni-

al autopsies in England and Wales. Also, when coroners do

authorise maternal death autopsies, there will be no legal

bar to transferring the autopsy away to another area where

pathological expertise is recognised.

Maternal death autopsies are often complex and chal-

lenging and require more expertise than the average

autopsy. They should also be performed according to an

all-embracing protocol, such as that adapted from the

Royal College of Pathologists recent guidance, which is

annexed to Chapter 17.6

Baseline and auditable standards

• A review of the quality of maternal autopsies performed

and their proportion of all maternal deaths. Baseline mea-

surement by December 2011 and then by end of 2013.

• The proportion of maternal death autopsies that are

consented versus coronial.

National guidelines and research

As discussed above, national guidelines are urgently

required for

• The identification and management of sepsis in preg-

nant and recently delivered women.

• How to undertake and act on the results of serious

incident reviews in maternity services.

Some key research questions also emerged during the

assessment of the women who died this triennium.

• What effect, if any, is the reduced number of routine

postnatal visits and clinical observations having on mater-

nal health?

What are the social, service and clinical factors that con-

tribute to maternal mortality rates remaining higher in

mothers from certain minority ethnic groups in the UK?

What are the barriers that hinder prompt and rapid

communications, referrals and urgent appointments

between health providers and maternity or specialist units

or health professionals that are required for sick pregnant

women or recently delivered mothers, and how can these

be overcome? How can maternity services, especially those

providing new models of care, ensure that working systems

for immediate referral are in place and implemented?

• To better determine how to reduce the number of Indi-

rect causes of maternal deaths, how can the better denom-

inator data required to undertake the necessary studies
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regarding the incidence of medical problems in preg-

nancy, such as sepsis, asthma, epilepsy and stroke, be

obtained or collected?

• Why has the incidence of sepsis and Sudden Unex-

pected Adult/Arrhythmic deaths (SADS) in pregnancy

increased? Is it the result of chance, improved case ascer-

tainment or a real increase?
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Introduction

Several common themes that need to be recognised by all

professionals providing maternity care have emerged from

all the Chapters of this Report. To aid learning and clinical

practice, some key overall good practice points have been

brought together in this new section of the Report. The les-

sons fall into the following main categories:

• improving basic medical and midwifery practice, such

as taking a history, undertaking basic observations and

understanding normality

• attributing signs and symptoms of emerging serious

illness to commonplace symptoms in pregnancy

• improving communication and referrals.

This aide memoire does not cover every eventuality and

should be taken as a signpost to help identify and exclude

the commoner disorders of pregnancy. It is not, however,

exclusive, nor does it replace the need for all health profes-

sionals to be up to date with their clinical practice and follow

the relevant clinical guidelines. An in-depth discussion of all

of these issues as they relate to specific causes of death can be

found in the individual chapters of Report, which should be

read in conjunction with this aide memoire.

Common symptoms

Pyrexia
Although still very uncommon, deaths from sepsis, especially

community-acquired streptococcal Group A, have increased

over the last 10 years. In part, this mirrors the increased inci-

dence of strep A in the general population, but, whereas

some maternal deaths from sepsis are unavoidable, others

could still be avoided by earlier identification and treatment.

Becoming life-threateningly ill from sepsis, and streptococcal

sepsis in particular, shows the speed with which women can

become sick in pregnancy, sometimes dying within 12–

24 hours of first developing symptoms.

A raised temperature during pregnancy, labour or the

puerperium is usually caused by common minor ailments

such as a cold, ‘flu’ or other viral illness. But these are

diagnoses by exclusion. Pyrexia can be a sign of more seri-

ous infection, including puerperal sepsis, chorioamnionitis

or other genital tract sepsis, wound or breast infection,

pyelonephritis or pneumonia, which may lead to systemic

sepsis causing significant maternal morbidity and maternal

and fetal mortality. In some of the women with sepsis

described in this Report, earlier recognition of the severity

of the illness and recording of temperature and other vital

signs or earlier action on abnormal results might have

allowed earlier treatment and possibly a better outcome.

Sore throat
Sore throat is a very common symptom in primary care. It

can sometimes be caused by Group A streptococcal infec-

tion. A throat swab should be taken when a pregnant or

recently delivered woman presents with a sore throat, and

there should be a lower threshold for antibiotic treatment

in primary care. The Centor Criteria1 are shown in the box

below:

Antibiotic prescribing for sore
throats

If three of the following criteria are positive, then anti-

biotics are indicated1:

• history of fever

• tonsillar exudate

• no cough

• tender anterior cervical lymphadenopathy.

Oates et al.
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Some of the women who died had family members, espe-

cially children, with sore throats, suggesting that spread

from family members may be a further risk factor for

developing life-threatening sepsis. Therefore, all pregnant or

recently delivered women need to be advised of the risks

and signs and symptoms of infection and how to take steps

to prevent its transmisson. This includes the benefits of

good hygiene, such as avoiding contamination of the peri-

neum by the mother washing her own hands before, as well

as after, touching her perineum, especially when the woman

or her close family have a sore throat or upper respiratory

tract infection. Women in these circumstances should also

be encouraged to seek medical advice if they feel at all ill.

Pyrexia in the postnatal period
Postnatal observations and examinations are no longer as

routinely carried out in the community as in the past. It is

therefore very important that any symptoms, even if appar-

ently trivial, are noted and that appropriate clinical obser-

vations and examinations are performed to exclude or

detect developing infection as early as possible.

Back to basics: sepsis

Associated ‘red flag’ signs and symptoms that should

prompt urgent referral for hospital assessment, and, if the

women appears seriously unwell, by emergency ambulance:

• pyrexia > 38�C

• sustained tachycardia > 100 bpm

• breathlessness (RR > 20; a serious symptom)

• abdominal or chest pain

• diarrhoea and/or vomiting

• reduced or absent fetal movements, or absent fetal heart

• spontaneous rupture of membranes or significant

vaginal discharge

• uterine or renal angle pain and tenderness

• the woman is generally unwell or seems unduly

anxious, distressed or panicky.

A normal temperature does not exclude sepsis. Paraceta-

mol and other analgesics may mask pyrexia, and this

should be taken into account when assessing women

who are unwell.

Infection must also be suspected and actively ruled out

when a recently delivered woman has persistent vaginal

bleeding and abdominal pain. If there is any concern,

the woman must be referred back to the maternity unit

as soon as possible, certainly within 24 hours.

Pain
All complaints of pain are potentially serious and must be

investigated thoroughly. However, the assessors have been

particularly concerned about neglected perineal and breast

pain in the puerperium. If a woman complains of perineal

pain after delivery, her perineum should be examined. If it

is known that there has been significant perineal trauma,

for example multiple vaginal lacerations or third-degree

tears, then the perineum should be inspected daily until

satisfactory healing has taken place.

Women complaining of breast pain should also be exam-

ined. Mothers with mastitis that does not respond to con-

servative measures or that becomes more severe within 12–

24 hours of onset should also be referred immediately for a

medical opinion. Breast abscesses are not obviously fluctu-

ant, and a surgical opinion may also be needed.

Abdominal pain, diarrhoea and vomiting
Abdominal pain and diarrhoea and vomiting (D&V) may

be common symptoms in primary care, but these symp-

toms can also be suggestive of a variety of significant dis-

ease processes during pregnancy and the puerperium.

Pregnancy-related causes of
abdominal pain or diarrhoea and
vomiting

In early pregnancy (or before pregnancy is diag-
nosed)
Rule out an ectopic pregnancy. Ectopic pregnancy can

occur in the absence of vaginal bleeding. Fainting and

dizziness would usually not occur with gastroenteritis

unless there is significant hypovolaemia caused by dehy-

dration, but may occur with a bleeding ectopic preg-

nancy. All women of child-bearing age with abdominal

pain presenting to the Emergency Department should

have a pregnancy test performed.

Later in pregnancy or after delivery or end of
pregnancy
Rule out:

• pre-eclampsia, eclampsia and HELLP (haemolysis,

elevated liver enzymes and low platelet count) syn-

drome, especially if the pain is epigastric or accom-

panied by jaundice

• placental abruption

• sepsis

This can be done by careful physical examination, tem-

perature, pulse and respiration and checking all of the

following: blood pressure, urine for protein, white cell

count, C-reactive protein, platelets, urea and electrolytes

and liver function tests. If any of these are abnormal,

then the mother must be referred to the maternity unit

as soon as possible. In women who are ill, this referral

should be made before the results of laboratory investi-

gations are available.

Back to basics
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Breathlessness
Breathlessness after delivery is very uncommon and needs a

full investigation to rule out serious underlying disease.

Although it is commoner in pregnancy, largely as the result

of physiological changes, it can also be the presenting

symptom of serious medical conditions, including cardiac

disease and other causes of pulmonary oedema, pulmonary

embolism and pneumonia. Anaemia has to be very severe

to cause breathlessness.

Back to basics: breathlessness2

Physiological breathlessness of pregnancy
This is experienced by up to 75% of pregnant women.

It can start in any trimester, and the onset is gradual. It

is often noticed by the woman when she is talking or at

rest, although it may get worse with exercise.

Asthma
It is unusual for asthma to present for the first time in

pregnancy. Most women will have had the diagnosis

established before pregnancy. The breathlessness in

asthma is often associated with coughing, exhibits diur-

nal variation and may get worse with intercurrent respi-

ratory infections, hay fever and acid reflux. It improves

with bronchodilators.

Never assume that wheeze on auscultation represents

asthma, especially in a woman not known to have

asthma; it could be pulmonary oedema.

‘Red flag’ features suggesting more sinister underlying

pathology include:

• breathlessness of sudden onset

• breathlessness associated with chest pain

• orthopnoea or paroxysmal nocturnal dyspnoea.

Diagnoses to consider

Pulmonary embolus
Sudden onset breathlessness, may have associated pleu-

ritic pain, haemoptysis, dizziness.

Pneumonia
May have associated cough, fever, raised inflammatory

markers. It is important to remember that pregnant

women are particularly susceptible to viral (influenza

H1N1, varicella zoster) pneumonia.

Pulmonary oedema
May have orthopnoea, paroxysmal nocturnal dyspnoea,

frothy/pink sputum. Auscultation may reveal inspiratory

fine crepitations and/or wheeze. Pulmonary oedema

may be due to:

• fluid overload, especially in the context of pre-

eclampsia

• mitral stenosis

• left ventricular failure.

Pulmonary hypertension
Breathlessness may be the only symptom and is worse

on exercise.

Investigations that should be considered are chest

X-ray, echocardiography and measurement of oxygen

saturations at rest and on exercise (in normal women,

the oxygen saturation ranges from 96 to 100% and

does not fall below 95% on exercise). There should be

a low threshold for referral of women with breathless-

ness in pregnancy from primary to secondary care,

particularly if they have any of the ‘red flag’ features

noted above.

Headache
This is common in pregnancy, but it can be a symptom of

serious underlying illness and should be taken seriously.

Back to basics: headache2

The commonest causes of headache in pregnancy are:

• tension headache—usually bilateral

• migraine—usually unilateral, may be preceded by

aura (often visual), associated with nausea, vomit-

ing and photophobia; may be new onset in preg-

nancy

• drug-related—most commonly caused by vasodila-

tors and in particular nifedipine.

‘Red flag’ features suggesting more sinister pathology

include:

• headache of sudden onset

• headache associated with neck stiffness

• headache described by the woman as the worst

headache she has ever had

• headache with any abnormal signs on neurological

examination.

Diagnoses to consider

Subarachnoid haemorrhage
Sudden, severe, often occipital so-called ‘thunderclap’

headache.

Cerebral venous thrombosis
Unusually severe headache which may be associated

with focal signs.

Oates et al.
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Pre-eclamptic toxaemia/Impending eclampsia
May be associated with seeing flashing lights and is usu-

ally associated with other clinical features of severe pre-

eclampsia, such as epigastric pain, hypertension, albu-

minuria and abnormal bloods.

Headache that is ‘the worst that the woman has ever

experienced’ is an indication for urgent brain imaging

in the absence of any other features because of concern

about cerebral venous thrombosis. However, less severe

headaches can be so non-specific that clinical judgement

should be the main guide to further referral to the neu-

rological services and investigation. The index of suspi-

cion should be high in pregnant women, and all serious

causes should be considered before dismissing headache

as benign.

Anxiety and distress in pregnancy and following
delivery
The ‘Blues’ is a period, lasting a few days, of tearfulness

and a feeling of being overwhelmed. It occurs in the

majority of mothers in the first 2 weeks following

delivery.

Episodes of tearfulness, worry, anxiety and depressive

symptoms are commonplace in pregnancy and the first few

weeks after delivery, particularly in first-time mothers.

Mostly these will be mild and self-limiting.

However, in some women these symptoms can be the

early signs of a more serious illness.

Back to basics: good mental health
practice

• Review the woman in 2 weeks.

• Consider referral to psychiatric services if symptoms

persist.

• Refer urgently to psychiatric services in following cir-

cumstances:

o suicidal ideation

o uncharacteristic symptoms/marked change from

normal functioning

o mental health deteriorating

o persistent symptoms in late pregnancy and the first

6 weeks postpartum

o association with panic attacks and/or intrusive

obsessional thoughts

o morbid fears that are difficult to reassure

o profound low mood/ideas of guilt and worthless-

ness/insomnia and weight loss

o personal or family history of serious affective

disorder.

Unexplained physical symptoms
In a number of maternal deaths, symptoms of the underly-

ing physical condition were attributed to psychiatric disor-

der. In many women, this was because of non-specific

symptoms such as distress, agitation and loss of appetite.

In others, the symptoms of an acute confusional state

caused by the underlying physical condition were misinter-

preted as functional mental illness.

Clinicians should be aware of the clinical features and

causes of confusional states. It should be remembered that

physical illness can present as psychiatric disorder and can

co-exist with it.

Unexplained physical symptoms

Unexplained physical symptoms should not be attrib-

uted to psychiatric disorder:

• unless there is a clear pathway to symptom produc-

tion

• unless there is a known previous psychiatric history

• when they represent a marked change from normal

functioning

• when the only psychological symptoms are

behavioural and non-specific for example, distress

and agitation

• when the woman does not speak English or is from

an ethnic minority group.

Booking, history-taking and basic
observations

All maternity-care providers, and in particular midwives

and GPs, must recognise the crucial importance of:

• taking a comprehensive history and making a correct

risk assessment at booking

• referring the woman to the obstetrician or other spe-

cialist as necessary

• following up these referrals to ensure appropriate

action has been taken

• making, recording and acting upon basic observations

• re-assessing the woman’s risk status throughout her

pregnancy and in the postnatal period.

The antenatal booking history
One of the most important events in the woman’s

maternity care is the antenatal booking history appoint-

ment. It is the first opportunity to assess her well-being

and determine her ‘risk status’. The majority of mater-

nity records currently use a ‘tick box’ format. In many

records of the women who died, the information docu-

mented was insufficient to enable risk assessment or an

Back to basics
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appropriate pathway of care to be planned. In other

women, a full history was taken and all information

appropriately recorded, but no appropriate follow up or

referral was made. This meant that some women who

had risk factors were booked for midwifery-led care. It is

vitally important that when a woman reports a ‘risk fac-

tor’, the midwife asks for additional relevant information,

records this in detail and acts upon it.

Communicating with the GP
Midwives must ensure that history-taking is comprehen-

sive, includes two-way communication with the woman’s

GP and ensures timely referral to obstetrician and/or other

specialist where necessary. The importance of midwife–GP

communication cannot be over-emphasised, particularly as

midwifery services are now offered in a range of locations,

including Children’s Centres.

Communication between GPs and
midwives

• Midwives should notify GPs that a woman is preg-

nant.

• Midwives should seek additional information from

the GP if risk factors are identified.

• GPs should inform midwives about prior medical

and mental health problems.

• There should be auditable robust local systems in

place to enable two-way flow of information

throughout pregnancy and the postnatal period.

Using basic observations to assess and act upon
risk status
Midwives and GPs should be alert to changes in the

woman’s situation and that her risk status may change

several times during the course of the pregnancy and the

postnatal period. If a woman complains of any symptoms

that indicate a deviation from the norm, the midwife or

GP must take basic observations, which include tempera-

ture, pulse and respirations. If observations are found to

be abnormal, these must be followed up by appropriate

referral to GP or hospital. Following this referral, the

midwife has a duty to make sure appropriate action has

been taken.

In a number of women, it was clear that the women

who reported pain, temperature and feeling unwell

had appropriate midwifery care, with basic observations

being performed and appropriate referral and follow up

made. However, there were other situations where

midwives did not respond appropriately to these com-

plaints, failing to make basic observations or act on

abnormal results.

Improving communications and referrals
In many cases reported to the Enquiry, there were major

failures of communication between healthcare workers,

which undoubtedly contributed to the woman’s death in

some cases. Notably, these included GPs not being asked

for information or being consulted about further referral

and, in some cases, the GP not being informed that the

woman was pregnant. In addition, the assessors have

been struck by the lack of further referral by hospital

obstetricians of potentially high-risk women. The reasons

for failure to refer are likely to be multiple. However,

medical care is advancing rapidly, and patterns of the

delivery of care in the UK are changing. It must be

appreciated that not all maternity centres can care for

pregnant women with major complications either preced-

ing or developing in pregnancy. If women with underly-

ing medical or psychiatric conditions are to share in the

advances in medicine, all mothers who require it should

be referred to specialised centres for their care in preg-

nancy; this was not usually the case among the women

who died.

In many cases reported to the Enquiry, referral for spe-

cialist input (for example neurological or psychiatric con-

sultation) was made by a healthcare worker, including GPs,

midwives and obstetricians; however, there was a subse-

quent inappropriate delay in sending an appointment or

the woman was not seen.

Referrals to and from any health
professional, including initial GP/
midwife referral letter

• Remember, referral is not treatment.

• Explain the importance of keeping the appoint-

ment.

• Always check that an appointment has been given

and that the woman has been seen.

• If you are concerned or think that an urgent

response is required, telephone a senior clinician.

• Always back up a fax, email, phone call with a

written letter (remember to copy in the midwife

and GP).

• Include in the referral letter details of:

o current problem and reason for referral

o details of any past medical history, including

mental health history, even if not directly rele-

vant to the presenting problem

o all medications she is currently on or has recently

stopped

o investigations so far.

Oates et al.
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Introduction

This, the eighth Report of the United Kingdom (UK) En-

quiries into Maternal Deaths, now known as Saving Moth-

ers’ Lives, continues the 56-year unbroken series of reviews

of maternal deaths undertaken to save more mothers’ lives

and, more generally, to improve maternity services overall.

Although the style and content of the Reports has changed

over this time, the essential aims and objectives remain the

same. It is because of the sustained commitment of all

health professionals who provide maternity and other ser-

vices for pregnant women in the UK that this Enquiry con-

tinues to be a highly respected and powerful force for

improvements in maternal health, both here in the UK and

internationally. As stated in previous Reports, and equally

valid today, reading the Report or preparing a statement

for an individual enquiry forms a crucial part of individual,

professional, self-reflective learning. As long ago as 1954, it

was recognised that participating in a confidential enquiry

had a ‘powerful secondary effect’ in that ‘each participant

in these enquiries, however experienced he or she may be,

and whether his or her work is undertaken in a teaching

hospital, a local hospital, in the community or the woman’s

home must have benefited from their educative effect’.1

Personal experience is therefore recognised as a valuable

tool for harnessing beneficial changes in individual prac-

tice.

Whereas many of the earlier Reports focused mainly on

clinical issues, more recent Reports, as with the very earliest

ones in the 1950s, have also focused on the wider public-

health issues that contribute to poorer health and social

outcomes. As a result, their findings and recommendations

have played a major part in helping in the development of

broader policies designed to help reduce health inequalities

for the poorest of our families and for the most vulnerable

and socially disadvantaged women. Particularly striking

have been successive Governments’ commitments to reduce

the wide variations in maternal mortality rates between the

most and least advantaged mothers as identified by these

Reports. By acting on similar findings in past Reports, this

Enquiry has also played a major part in defining the phi-

losophy of our maternity services that now expect each

individual woman and her family to be at the heart of

maternity services designed to meet her own particular

needs, rather than vice versa.

Telling the story

The methodology used by the Enquiry goes beyond count-

ing numbers. Its philosophy, and that of those who partici-

pate in its process, is to recognise and respect every

maternal death as a young woman who died before her

time, a mother, a member of a family and of her commu-

nity. It does not demote women to numbers in statistical

tables; it goes beyond counting numbers to listen and tell

the stories of the women who died so as to learn lessons

that may save the lives of other mothers and babies, as well

as aiming to improve the standard of maternal health over-

all. Consequently, its methodology and philosophy con-

tinue to form a major part of the strategies of the World

Health Organization (WHO) and its sister United Nations

organisations and other donor agencies to reduce maternal

deaths. The WHO maternal mortality review tool kit, and

programme, Beyond the Numbers,2 includes advice and

practical steps in choosing and implementing one or more

of five possible approaches to maternal death reviews

adaptable at any level and in any country. These

approaches are facility and community death reviews, Con-

fidential Enquiries into Maternal Deaths, near-miss reviews

and clinical audit.3 This work, in modified form, is now

undertaken in more than 54 countries, including many of

those with the poorest outcomes.

Learning lessons for continual
improvement

This Enquiry is the oldest example of the use of the mater-

nal mortality and morbidity surveillance cycle, now inter-

nationally adopted by the WHO programme Beyond the

Numbers, which promotes the use of maternal death or

morbidity reviews to make pregnancy safer.2 The cycle,

shown in Figure 1, is an ongoing process of deciding which

deaths to review and identifying the cases, collecting and

assessing the information, using it for recommendations,

Lewis
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implementing these and evaluating their impact before

refining and improving the next cycle. The ultimate pur-

pose of the surveillance process is action, not simply the

counting of cases and calculation of rates. All these steps:

identification, data collection and analysis, action and eval-

uation, are crucial and need to be continued to justify the

effort and to make a difference. The impact of previous

findings of this Report continually demonstrate the contri-

bution of such an observational study to both maternal

and child health and the overall public health, and empha-

sise the need for it to continue in the future. This will be

particularly important as our maternity services face new

challenges, such as a rising birth rate, more migrant women

with difficult pregnancies, those who do not speak English,

an increasing number of older mothers and those who have

complex pre-existing maternal diseases and, underlying

this, a generation of women who are not as fit and healthy

as their own mothers were in the past.

Sentinel event reporting

‘‘Because of the very small numbers of deaths considered

by the Enquiry, it is not always possible to demonstrate

statistically significant changes in the maternal death and

other rates generated by the Reports, particularly within

smaller causal subgroups. As history has shown, this does

not, however, diminish the impact of its findings.4 Never-

theless, the development of ‘near-miss’ studies, such as

those conducted through the United Kingdom Obstetric

Surveillance System (UKOSS), which works closely along-

side this Enquiry, means that it is now possible to conduct

studies with greater statistical power and so introduce an

additional degree of statistical rigour to the findings.5,6

Even before this development, the observational method-

ology used has always been able to generate hypotheses,

show trend lines and make recommendations that have

led to improvements in maternal health, as the dramatic

decline in deaths from thromboembolism reported in this

Report shows. Although the methodology, best described

as an observational and self-reflective study, cannot ever

be statistically powerful for the reasons cited above, its

findings are still useful and important. The Enquiry has

long identified patterns of clinical practice, service provi-

sion and public-health issues that may be causally related

to maternal deaths. This method of reviewing individual

deaths has been described by Rutstein et al.7 as ‘sentinel

event reporting’.

Just as the investigation of an aeroplane accident goes

beyond the immediate reasons for the crash to the impli-

cations of the design, method of manufacture, mainte-

nance and operation of the plane, so should the study of

unnecessary undesirable health events yield crucial infor-

mation on the scientific, medical, social and personal fac-

tors that could lead to better health. Moreover, the

evidence collected will not be limited to the factors that

yield only to measures of medical control. If there is clear

cut documented evidence that identifiable social, environ-

mental, ‘‘life-style’’, economic or genetic factors are

responsible for special varieties of unnecessary disease,

disability, or untimely death, these factors should be

identified and eliminated whenever possible’’.

It is this which Saving Mothers’ Lives aims to achieve.

The evidence base

In the past, some have questioned whether the Reports are

‘evidence based’. The highest level of evidence of clinical

effectiveness comes from systematic reviews of randomised

controlled trials, but these are simply not possible for most of

the questions raised in relation to a maternal death (in devel-

oped countries, at least), so observational methodologies are

the only way to address them. By conducting a national study,

many of the biases traditionally attributed to centre-based

observational studies, such as case-selection bias, are elimi-

nated, so producing much higher quality evidence.

The most comprehensive and up-to-date systematic

reviews of relevance to these Enquiries are produced by the

Cochrane Pregnancy and Childbirth Group, whose editorial

structure is funded by the NHS Central Programme for

Research and Development. The Co-ordinating Editor of the

Group is a member of the editorial board of this Enquiry.

Some Cochrane reviews are of direct relevance to topics

highlighted by deaths described in recent Reports and have

been cited to support recommendations. These include

treatments for eclampsia and pre-eclampsia and antibiotic

prophylaxis before caesarean section. However, many prob-

lems tackled in successive Reports have not been addressed

by randomised trials, including prevention of thromboem-

bolic disease and treatment of amniotic fluid embolism or

massive obstetric haemorrhage.

1. Identification of 
cases

2. Information
collection

5. Evaluation and
refinement

4. Recommendations
for action

3. Analysis of results

Figure 1. The maternal mortality or morbidity surveillance cycle.
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An important limitation of randomised trials is that,

unless they are very large, they may provide little informa-

tion about rare, but important, complications of treatments.

Safety issues are, therefore, sometimes better illuminated by

observational studies than by controlled trials.

Many causes of maternal death are very rare, and treat-

ment options for these may never be subjected to formal

scientific study. Inevitably, recommendations for care to

avoid such deaths in the future rely on lesser levels of evi-

dence, and frequently on ‘expert opinion’. This does not

mean that the Report is not evidence-based, merely that,

necessarily, the evidence cannot be in the form of a rando-

mised controlled trial or case–control study because of the

relative rarity of the condition.

The use of vignettes and
recommendations

The Centre for Maternal and Child Enquiries (CMACE)

policy on the use of vignettes and the development of rec-

ommendations is available on the website at www.cma-

ce.org.uk.

In the past, some Reports have been characterised by the

use of a significant number of detailed vignettes, stories that

broadly describe the circumstances surrounding the deaths

of individual women and the lessons that may be drawn

from them. Recognising that ensuring that everyone, includ-

ing family members and professional staff, require complete

reassurance about the guiding principle of maintaining con-

fidentiality out of respect for those who have died, the

number of vignettes has been reduced, as have some of the

more identifiable details given in them. CMACE only uses

vignettes to help in the identification of lessons learnt for

the improvement of future professional practice or overall

service delivery. The vignettes used in this Report do not

include the full circumstances of any individual case. They

neither provide nor imply a complete overall assessment or

judgement of the totality of care provided in a case,

although they may point to where general lessons may be

learnt from particular aspects of care. Individual details in

vignettes may be changed to protect the anonymity of the

woman. CMACE cannot confirm or deny the identity of

any individual woman, aspects of whose care may be

included within a vignette, because all records used in the

Enquiry are destroyed before publication of the Report.

Further details on the method of enquiry are included in

Appendix 1 of this Report.

Severe maternal morbidity, ‘near
misses’

It is increasingly recognised that the study of near-miss

morbidity can complement enquiries into maternal death

and provide valuable additional information to guide pre-

vention and treatment of potentially life-threatening condi-

tions. Maternal deaths represent the tip of the iceberg of

disease; a much larger number of women suffer from near-

miss morbidity, increasing the power of these studies to

investigate risk factors for both the occurrence of disease

and progression to death and other severe complications.

In this Report, the latest results of two systems for severe

morbidity or ‘near-miss’ surveillance are reported in

Appendix 2 and, where relevant, in the individual Chapters

describing the rates of clinical causes of death. These are

the UKOSS5,6 and the Scottish Confidential Audit of Severe

Maternal Morbidity (SCASMM).8

The UK Obstetric Surveillance System
(UKOSS)

Surveillance of specific near-miss maternal morbidities and

other rare disorders of pregnancy has been conducted

through the UKOSS since 2005.1 UKOSS is an active, nega-

tive surveillance system. Cases are actively sought through

a routine monthly mailing to nominated reporting obstetri-

cians, midwives, risk management midwives and anaesthe-

tists in all consultant-led maternity units in the UK. All

consultant-led units participate in UKOSS reporting.

Clinicians are asked to complete the monthly report card

indicating whether there has been a woman with one of

the conditions under study delivered in the unit during the

previous month. They are also asked to complete a ‘nil

report’ indicating if there have not been any cases;

this allows participation to be monitored and confirms

the denominator population for calculation of disease

incidence.

In response to a report of a case, collaborating clinicians

are sent a data collection form asking for further demo-

graphic and pregnancy information, as well as details of diag-

nosis, management and outcomes for mother and infant. For

some conditions, clinicians are also asked to supply details

about a comparison woman delivered in the same unit.

This system allows for a rolling programme of parallel

studies to be conducted, and, because case–control and

cohort studies may be carried out as well as descriptive

studies, a range of research questions can be addressed. In

addition to estimating disease incidence or prevalence,

UKOSS studies can be used to quantify risk and prognostic

factors, audit national management and prevention guide-

lines and describe disease management, as well as describe

outcomes for both mothers and their infants. Descriptive,

case–control and cohort studies are conducted and peer-

reviewed papers are published. Further details of surveil-

lance of near-miss morbidities using UKOSS are included

in the relevant chapters of this report, and key points are

summarised in Appendix 2A.
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Scottish Confidential Audit of Severe
Maternal Morbidity

An audit of a range of defined severe maternal morbidities

has been carried out continuously in all consultant-led

maternity units in Scotland since 2003. The methodology is

similar to that of UKOSS, with a designated midwife coor-

dinator in each unit who identifies cases and sends com-

pleted data to the Reproductive Health Programme of NHS

Quality Improvement Scotland, which analyses the data

and produces an annual report.8 Particularly detailed infor-

mation is collected and analysed for all cases of major

obstetric haemorrhage and of eclampsia. For these two

conditions, each unit also provides a self-assessment of the

quality of care provided. The continuous nature of the

audit using identical criteria and case definitions over sev-

eral years has allowed the identification of changes in the

rates of some morbidities, as well as assessment of compli-

ance with guidelines and changes in clinical management.

Appendix 2B is a summary of the findings from SCASMM

for the triennium 2006–2008, and some information from

the audit is included in other relevant chapters.

The aims and objectives of the
Enquiry

The overall aim is to save the lives of as many mothers and

newborns as possible through the expert anonymous review

of the circumstances surrounding and contributing to each

maternal death in the UK. Apart from the specific issues

and learning points that may emerge from certain cases or

causes of death, the findings from individual cases are also

aggregated together to learn wider lessons and to formulate

and disseminate more general recommendations.

Its objectives are:

• to improve the care that pregnant and recently deliv-

ered women receive and to reduce maternal mortality

and morbidity rates still further, as well as the propor-

tion of deaths caused by substandard care.

• to assess the main causes of and trends in maternal

deaths and, where possible, severe morbidity and to

identify any avoidable, remediable or substandard fac-

tors that could be changed to improve care; to promul-

gate these findings and subsequent recommendations to

all relevant healthcare professionals and to ensure that

their uptake is audited and monitored.

• to make recommendations concerning the improve-

ment of clinical care and service provision, including

local audit, to commissioners of obstetric services and

to providers and professionals involved in caring for

pregnant women.

• to suggest directions for future areas for research and

audit at a local and national level.

• to contribute to regular shorter reports on overall

trends in maternal mortality as well as producing a

more in-depth triennial Report.

The Enquiry’s role in the provision of
high-quality clinical care

Although the Enquiry has always had the support of pro-

fessionals involved in caring for pregnant or recently deliv-

ered women, it is also a requirement that all maternal

deaths should be subject to this confidential enquiry, and

all health professionals have a duty to provide the informa-

tion required.

In participating in this Enquiry, all health professionals

are asked for two things:

• if they have been caring for a woman who died, to

provide the Enquiry with a full, accurate and unbiased

account of the circumstances leading up to her death,

with supporting records, and

• irrespective of whether they have been caring for a

woman who died or not, to reflect on and take any

actions that may be required, either personally or as

part of their wider institution, as a result of the recom-

mendations and lessons contained within this Report.

At a local commissioning level, maternity healthcare

commissioners, such as Primary Care Trusts and Local

Health Boards, should commission services which meet the

recommendations set out in this and previous Reports and

ensure that all staff participate in the Enquiry if required,

as part of their contract.

At service provider level, the findings of the Enquiry

should be used:

• to ensure that all staff are regularly updated and

trained on the signs and symptoms of critical illness,

such as infection, and the early identification, manage-

ment and resuscitation of seriously ill women

• to develop and regularly update multidisciplinary

guidelines for the management of complications during

or after pregnancy

• to review and modify, where necessary, the existing

arrangements for the provision of maternity or obstet-

ric care

• to ensure that all Direct and unexpected Indirect mater-

nal deaths are subject to a local review and critical inci-

dent report, which is made available to the Enquiry as

part of its own process of review, as well as disseminat-

ing its key findings and recommendations to all local

maternity staff

• to introduce an obstetric early warning system chart as

recommended in this and previous Reports

• to promote local audit and clinical governance.

At a national level—in every country, the findings of

successive Reports have been used to develop national
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maternal and public health-policies. For example, the find-

ings of the Enquiry are used:

• To help in developing government policy. In England,

Maternity Matters9 acknowledges the key part played by

the findings of previous Reports in policy development.

In Wales, the National Service Framework for Young

People and Maternity Services addresses similar

issues.10

• To inform guideline or audit development undertaken

by the National Institute for Health and Clinical Excel-

lence, the Scottish Intercollegiate Guidelines Network

(www.sign.ac.uk, accessed 9 October 2010), the North-

ern Ireland Guidelines and Audit Implementation Net-

work (www.gain-ni.org, accessed 9 October 2010), the

relevant Royal Colleges and other bodies. The most

recent guideline produced as a result of the findings

and recommendations of this Enquiry is the NICE/

RCM/RCOG guideline on Pregnancy and complex social

factor: a model for service provision for pregnant women

with complex social factors.11

• To set minimum standards of care, for example as set

out in the criteria for the management of maternity

services by the Clinical Negligence Scheme for Trusts

for England and the Welsh Risk Pool.

• As part of postgraduate training and continuous pro-

fessional self-development syllabus for all relevant

health professionals.

• To identify and promulgate areas for further research.

In Scotland, the findings of the Enquiry inform the work of

equivalent bodies responsible for national quality initiatives,

i.e. NHS Quality Improvement Scotland (which includes the

Scottish Intercollegiate Guidelines Network) and the Clinical

Negligence and Other Risks Indemnity Scheme.

Definitions of, and methods for,
calculating maternal mortality

The tenth revision of the International Classification of

Diseases, Injuries and Causes of Death, (ICD 10) defines a

maternal death as ‘the death of a woman while pregnant or

within 42 days of termination of pregnancy, from any

cause related to or aggravated by the pregnancy or its man-

agement, but not from accidental or incidental causes’

(www.who.int/classifications/icd/en/, accessed 9 October

2010). This means that there was both a temporal and a

causal link between pregnancy and the death. When the

woman died, she could have been pregnant at the time,

that is, she died before delivery, or within the previous

6 weeks have had a pregnancy that ended in a live birth or

stillbirth, a spontaneous or induced abortion or an ectopic

pregnancy. The pregnancy could have been of any gesta-

tional duration. In addition, this definition means that the

death was directly or indirectly caused by the fact that the

woman was or had recently been pregnant. Either a com-

plication of pregnancy, a condition aggravated by preg-

nancy or something that happened during the course of

caring for the pregnant woman caused her death. In other

words, if the woman had not been pregnant, she would

not have died at that time.

Maternal deaths are subdivided into further groups as

shown in Table 1. Direct maternal deaths are those result-

ing from conditions or complications or their management

that are unique to pregnancy, occurring during the antena-

tal, intrapartum or postpartum periods. Indirect maternal

deaths are those resulting from previously existing disease,

or disease that develops during pregnancy not as the result

of direct obstetric causes, but which were aggravated by

Table 1. Definitions of maternal deaths

Maternal deaths** Deaths of women while pregnant or within 42 days of the end of the pregnancy* from any cause related

to or aggravated by the pregnancy or its management, but not from accidental or incidental causes.

Direct** Deaths resulting from obstetric complications of the pregnant state (pregnancy, labour and puerperium),

from interventions, omissions, incorrect treatment or from a chain of events resulting from any of the

above.

Indirect** Deaths resulting from previous existing disease, or disease that developed during pregnancy and which

was not the result of direct obstetric causes, but which was aggravated by the physiological effects of

pregnancy.

Late*** Deaths occurring between 42 days and 1 year after abortion, miscarriage or delivery that are the result of

Direct or Indirect maternal causes.

Coincidental (Fortuitous)**** Deaths from unrelated causes which happen to occur in pregnancy or the puerperium.

*This term includes delivery, ectopic pregnancy, miscarriage or termination of pregnancy.

**ICD 9

***ICD 10

****ICD 9/10 classifies these deaths as Fortuitous but the Enquiry prefers to use the term Coincidental as it a more accurate description. The

Enquiry also considers deaths from Late Coincidental causes.
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physiological effects of pregnancy. Examples of causes of

Indirect deaths include epilepsy, diabetes, cardiac disease

and, in the UK only, hormone-dependent malignancies.

The Enquiry also classifies most deaths from suicide as

Indirect deaths because they were usually the result of puer-

peral mental illness, although this is not recognised in the

ICD coding of such deaths. The UK Enquiry assessors also

classify some deaths from cancer in which the hormone-

dependent effects of the malignancy could have led to its

progress being hastened or modified by pregnancy as Indi-

rect, although these also do not accord with international

definitions. Only Direct and Indirect deaths are counted for

statistical purposes, as discussed later in the section on

measuring maternal mortality rates.

Some women die of causes apparently unrelated to preg-

nancy. These deaths include deaths from all causes, includ-

ing accidental and incidental causes. Although the latter

deaths, which would have occurred even if the woman had

not been pregnant, are not considered true maternal

deaths, they often contain valuable lessons for this Enquiry.

For example, they provide messages and recommendations

about domestic abuse or the correct use of seat belts. From

the assessments of these cases, it is often possible to make

important recommendations. The ICD coding classifies

these cases as fortuitous maternal deaths. However, in the

opinion of the UK assessors, the use of the term fortuitous

could imply a happier event, and this Report, as did the

last, names these deaths as Coincidental.

Late maternal deaths are defined as the death of a

woman from Direct or Indirect causes more than 42 days

but <1 completed year after the end of the pregnancy.

Identifying Late maternal deaths enables lessons to be

learnt from those deaths in which a woman had problems

that began with her pregnancy, even if she survived for

more than 42 days after its end. However, although this

category has only been recently recognised in the ICD 10

codes, and then only for deaths from Direct or Indirect

causes, the previous four UK Enquiry Reports had already

included all Late deaths notified to the assessors (including

Coincidental deaths) occurring up to 1 year after delivery

or abortion. For this Report, only Late deaths from Direct

causes or from suicide and cardiac disease have been

included, and then only up to 6 months after delivery. It is

important to continue to track and investigate these deaths,

as advances in medicine and new technologies, particularly

in critical care, are already enabling very sick mothers to

live beyond the standard 42-day cutoff point. Examples

include cardiomyopathy and acute fatty liver of pregnancy,

which may require a heart or liver transplant.

As this Report goes to press, the WHO is working on

developing a possible revised classification system. Details

of this will be published in the next Report and it is likely

that the UK system of including deaths from suicide will

be adopted as will a larger number of categories of Indirect

deaths.

Maternal mortality ratios and rates

Table 2 shows maternal morality definitions used in this

report. The international definition of the maternal mortal-

ity ratio is the number of Direct and Indirect deaths per

100 000 live births. In many countries, this is difficult to

measure because of the lack of death certificate data

(should they exist at all) as well as a lack of basic denomi-

nator data, as baseline vital statistics are also not available

or are unreliable. The recent WHO publication ‘Beyond

The Numbers; reviewing maternal deaths and disabilities to

make pregnancy safe’,2 contains a more detailed examina-

tion and evaluation of the problems in both determining a

baseline maternal mortality ratio and interpreting what it

actually means in helping to address the problems facing

pregnant women in most developing countries.

Conversely, the UK has the advantage of accurate denomi-

nator data, including both live births and stillbirths, and has

defined its maternal mortality rate as the number of Direct

and Indirect deaths per 100 000 maternities as a more accu-

rate denominator to indicate the number of women at risk.

Maternities are defined as the number of pregnancies that

Table 2. Maternal mortality definitions used in this Report

Maternal mortality definitions Reasons for use

UK Enquiry maternal mortality rate: the number of Direct and Indirect

deaths per 100 000 maternities

The most robust figures available for the UK and used for 50 years of

trend data in this Report.

The internationally defined maternal mortality ratio: the number of

Direct and Indirect deaths per 100 000 live births

For international comparison, although care needs to be taken in its

interpretation because of the more accurate case ascertainment in

the UK through the use of this Enquiry.

Deaths from obstetric causes per 100 000 estimated pregnancies. Because the data from spontaneous abortions and ectopic

pregnancies are unreliable, this denominator is only used when

calculating rates of death in early pregnancy.
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result in a live birth at any gestation or stillbirths occurring

at or after 24 completed weeks of gestation and are required

to be notified by law. This enables a more detailed picture of

maternal mortality rates to be established and is used for the

comparison of trends over time.

Furthermore, in the UK maternal mortality rate can be

calculated in two ways:

• through official death certification to the Registrars

General (the Office for National Statistics [ONS] and

its equivalents), or

• through deaths known to this Enquiry.

The overall maternal mortality rate is calculated from

the number of Direct and Indirect deaths. The ONS data

are based on death certificates where the cause of death is

directly or secondarily coded for a pregnancy-related condi-

tion, such as postpartum haemorrhage, eclampsia etc.

For the past 50 years the Enquiry has calculated its own

maternal mortality rate, because the overall number of

maternal deaths identified by the proactive case-finding

methodology used by this Enquiry has always exceeded

those officially reported. This is because not all maternal

deaths are recorded as such on death certificates. For exam-

ple, a large proportion of women known to the Enquiry

who died of pre-existing medical conditions influenced by

their pregnancy, for example cardiac disorders, epilepsy

and some malignancies, were excluded from the official sta-

tistics. Other women excluded from official data are those

who required long-term intensive care and whose final

cause of death was registered as a nonpregnancy condition,

such as multiple organ failure, even though the initiating

cause was an obstetric event. Conversely, the maternal

deaths known to the Registrars General may include Late

deaths because it is not possible to identify from the death

certificate when the delivery or termination occurred.

To aid the international comparison of the UK data with

those from other countries calculated by using the ICD-

defined Maternal Mortality Ratio, this Report has also cal-

culated the overall UK maternal mortality ratio as well as

the more complete Enquiry maternal mortality rate. These

are shown in Chapter 1. However, when making such com-

parisons, it is important to note two points:

• The criteria used by the UK assessors for Indirect deaths

are far more inclusive than those used in other countries.

For example, in this Enquiry all cases of cardiac disease,

asthma and epilepsy are coded as Indirect, as are cases of

suicide unless obviously occurring in women with a

longstanding previous psychiatric history.

• Case ascertainment is lower in the vast majority of

other countries because they do not undertake such

comprehensive enquiries.

These two facts alone increase the UK maternal mortality

rate when compared with other countries, and this is dis-

cussed in more detail in Chapter 1.

Case ascertainment

The role of the Office for National Statistics
Since the introduction of a new ONS computer program in

1993, all conditions given anywhere on the death certificate

are now coded, enabling a more extensive search of death

entry information to identify all conditions listed that sug-

gest a maternal death. In the past, this has helped in

improving case ascertainment, with a number of previously

unreported deaths being identified. Fortunately, for this

Report, the ONS record linkage study described below has

identified very few additional cases of Direct or Indirect

deaths. This is a reduction in the already small degree of

under-ascertainment calculated for previous Reports.

For the past 9 years, ONS has been able to match death

records of women of fertile age living in England and

Wales with birth registrations up to 1 year previously. The

aim is to identify deaths of all women in England and

Wales who died within 1 year of giving birth and to see

how many additional cases can be found. The methodol-

ogy, used in the past two triennia, was again applied for

this Report and again shows that the majority of these

deaths occurred Late, i.e. some months after delivery. The

vast majority of these Late deaths were the result of Coinci-

dental Late causes, and these are shown in Chapter14.

The ONS does not service Scotland, where maternal

death case ascertainment is achieved using information

from the General Register Office for Scotland, the Repro-

ductive Health Programme of NHS Quality Improvement

Scotland and the wider clinical community.

Denominator data used for calculating
mortality rates

Number of maternities
It is impossible to know the exact number of pregnancies

that occurred during this or any preceding triennium,

because not all pregnancies result in a registered live birth

or stillbirth. These data are unreliable because of the lack

of appropriate denominators, so the most common

denominator used throughout this and previous Reports is

the number of maternities rather than the total number of

pregnancies. Maternities are the number of pregnancies

that result in a live birth at any gestation or stillbirths

occurring at or after 24 completed weeks of gestation and

are required to be notified by law. The total number of

maternities for the UK for 2006–08 was 2 291 493.

Estimated pregnancies
This denominator is used for calculating the rate of early

pregnancy deaths. It is a combination of the number of

maternities, together with legal terminations, hospital admis-

Lewis

28 ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203



sions for spontaneous miscarriages (at <24 weeks of gesta-

tion) and ectopic pregnancies with an adjustment to allow

for the period of gestation and maternal ages at conception.

The estimate for the UK 2006–08 was 3 139 315. However,

the resulting total is still an underestimate of the actual num-

ber of pregnancies because these figures do not include other

pregnancies that miscarry early, those where the woman is

not admitted to hospital, or indeed those where the woman

herself may not even know she is pregnant.
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Statistical analysis by Anna Springett

‘Whose are the faces behind the numbers? What were

their stories? What were their dreams? They left behind

children and families. They also left behind clues as to

why their lives ended so early.’1

Summary of key points

• The maternal mortality rate, calculated from all maternal

mortality Directly or Indirectly due to pregnancy identi-

fied by this Enquiry, for 2006–08 was 11.39 (95% CI

10.09–12.86) per 100 000 maternities compared with the

13.95 (95% CI 12.45–15.64) per 100 000 maternities

reported for the previous triennium, 2003–05. There has

therefore been a statistically significant decline in the

overall UK maternal mortality rate as calculated by this

Enquiry for the years 2006–08 compared with the 2003–

05 triennium (P = 0.02a).

• There has been a significant downward trend in the

maternal mortality rate among Black African women

(P = 0.003) and also for women from White ethnic back-

grounds (P = 0.04) over the last three triennia (9 years).

• Women with partners who were unemployed or whose

jobs were unclassified were nearly six times (P < 0.001)

more likely to die from maternal causes than women

with husbands or partners in employment. Although still

a yawning gap, this measure of inequality has also signif-

icantly reduced and is part of a downward trend from

2000 to 2002 when the difference was 12-fold

(P < 0.001), and 2003–05 when there was a seven-fold

difference (P < 0.001). Currently it is not possible to cal-

culate rates for single mothers because these data are not

routinely collected.

• There has also been a marked reduction in the difference

in maternal mortality in relation to the area of mothers’

residence. The death rate for women living in the most

deprived quintile, defined by postcode and area depriva-

tion scores, has also significantly reduced since the last

Report for 2003–05 (P = 0.01).

Clinical causes of death
• The maternal mortality rate for mothers who died from

medical conditions that could only be the result of

pregnancy, such as obstetric haemorrhage or eclampsia,

and which are internationally classified as Direct deaths

significantly decreased (P = 0.02) to 4.67 (95% CI

3.86–5.64) this triennium compared with the rate of

6.24 (95% CI 5.27–7.40) per 100 000 maternities for

2003–05.

• The main reason for the decline in deaths from Direct

causes is a significant reduction in deaths from throm-

boembolism and, to a lesser extent, from other Direct

conditions such as haemorrhage. The prevention and

management of these two life-threatening conditions

has been subject to national clinical guidelines and

standards, arising in part from previous recommenda-

tions in earlier Reports of this Enquiry.

• The case fatality rate from ectopic pregnancy has

almost halved from an estimated 31.2 (95% CI 16.8–

57.9) per 100 000 estimated ectopic pregnancies for

2003–05 to 16.9 (95% CI 7.6–37.6) for this triennium

(P = 0.23). These findings, though not statistically sig-

nificant, suggest that previous messages concerning the

prompt diagnosis of this potentially fatal condition

may have been heeded at last. However, there remains

room for improvement.

aA P-value is a measure of probability that a difference between groups

happened by chance. For example, a P-value of 0.02 (P = 0.02) means that

there is a 1 in 50 chance the result occurred by chance. The lower the

P-value, the less likely that the difference seen is due to chance. The

statistical significance is usually set at P = 0.05, but this is open to

interpretation, as there is no hard and fast cutoff point.
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• Although the overall rate for Direct maternal deaths has

decreased, deaths from infection of the genital tract

(sepsis), largely from community-acquired Group A

streptococcal disease, have risen. The overall rate has

increased to 1.13 deaths (95% CI 0.77–1.67) per

100 000 maternities compared with 0.85 (95% CI 0.54–

1.35) for 2003–05 (P = 0.35). Although this mirrors an

increase in the background rate of this disease, the

findings nevertheless cause concern. As a result, the

Centre for Maternal and Child Enquiries (CMACE) has

already published this information to enable the public

health professionals to be aware of the risks of trans-

mission of Group A Streptococcus and the importance

of good hygiene to prevent transmission, early diagno-

sis and timely and correct treatment. This is especially

relevant for pregnant and recently delivered women

whose immune systems are more vulnerable.

• The mortality rate for mothers’ deaths from Indirect

causes, that is from pre-existing or new medical or

mental health conditions aggravated by pregnancy such

as heart disease or suicide, remains largely unchanged.

The rate for 2006–08, at 6.72 (95% CI 5.74–7.87) per

100 000 maternities, has not significantly altered

(P = 0.22) from the 7.71 (95% CI 6.61–8.99) per

100 000 maternities identified in the last Report. Since

1994, the numbers and rates of maternal deaths from

Indirect causes have been consistently higher than those

for Direct deaths.

• For international comparison, the UK Maternal Mortal-

ity Ratio (MMR; Maternal Mortality Ratio = number

of Direct and Indirect maternal deaths divided by the

number of live births [ICD 10; see Introduction chapter

to this Report]) to be used for 2006–08 is 6.69 (95%

CI 5.72–7.84) per 100 000 live births. This is calculated

only from those Direct and Indirect maternal deaths

notified on death certificates, the method used by all

other countries.

Maternal mortality rates for 2006–08
The UK maternal mortality rates can be calculated by two

different methods, each of which produces a different rate.

One is based on the use of routine death certificate data

alone, the method used in other countries, and the other is

based on the results of this much more in-depth enquiry.

Routine death certificate data and deriving the
internationally comparable UK maternal mortality
ratio
This, the lower of the two rates that can be calculated for

the UK, as shown in Table 1.1, is calculated from official

death certification to the Registrars General [the Office for

National Statistics (ONS) and its equivalents]. The total

number of maternal deaths that occurred in the UK

between 2006 and 2008 ascertained from death certificate

data alone was 155, giving a UK maternal mortality rate of

6.76 (95% CI 5.78–7.92) per 100 000 maternities.

The numbers of maternities in the UK, shown in

Table 1.1, are used as the denominator for all the tables in

this Report apart from those relating to early pregnancy

deaths. This differs from international practice in which the

number of live births is used as the denominator and is used

to calculate what is internationally defined as the MMR (See

the Introduction chapter to this Report). By applying this

denominator to the routine data collected through death

certificates, the UK MMR used for international compari-

sons for 2006–08 is 6.69 per 100 000 live births (95% CI

5.72–7.84). From the findings of this Report, the UK MMR

remains very low. However, in some other developed coun-

tries, the MMR is rising. For example, recent surveys have

estimated that the overall MMR for the USA has almost

doubled over the last 20 years to between 13.1 and 24 per

100 000 live births depending on the methodology used.2,3

The UK Maternal Mortality Rate as calculated by
this Enquiry
The use of routine death certificate data to identify mater-

nal deaths consistently underestimates the number of

women who die from pregnancy-related conditions, as also

evidenced by the findings in this Report. Therefore, by far

the most accurate maternal mortality rate is that obtained

from the deaths identified by this Enquiry. Cases included

in this Report are those identified through routine death

certification and through record linkage as well as a signifi-

cant number of additional cases reported to the Enquiry

Table 1.1. Maternal deaths identified through death certificate

data alone, and mortality rates per 100 000 maternities; UK: 1985–

2008

Triennium Registered deaths with

underlying cause given as a

maternal death, ICD9 600–

676, ICD10 O00-O99

Number of

maternities

n Rate 95% CI

1985–87 174 7.67 6.61–8.90 2 268 766

1988–90 171 7.24 6.24–8.42 2 360 309

1991–93 150 6.48 5.52–7.60 2 315 204

1994–96 158 7.19 6.15–8.40 2 197 640

1997–99 128 6.03 5.07–7.17 2 123 614

2000–02 136 6.81 5.76–8.05 1 997 472

2003–05 149 7.05 6.00–8.27 2 114 004

2006–08 155 6.76 5.78–7.92 2 291 493

Source: Office for National Statistics, General Register Office for

Scotland, Northern Ireland Statistics and Research Agency.
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who would not have been identified using death certificate

data alone.

In this triennium an additional 106 deaths, 41% of the

total of 261 maternal deaths, were identified and reported

to this Enquiry by maternity and other health professionals

and the CMACE Regional Managers. These deaths would

not have been identified by use of death certificates alone

because the death certificate did not include a mention of a

pregnancy-related condition, a finding consistent with ear-

lier Reports. The overall maternal mortality rate for this

Enquiry is therefore calculated from the number of all of

these deaths which are considered by the Enquiry assessors

as being the result of Direct and Indirect causes. Because of

the proactive case-finding methodology of this Enquiry,

described in Appendix 1, the numbers of Direct and Indi-

rect deaths identified always greatly exceeds those identified

by death certificate data alone. The rate calculated by this

Enquiry is the official one used by the Department of

Health for UK data and UK trends, although the UK

MMR, discussed earlier, is the one to be used for interna-

tional comparison because it mirrors the method used in

other countries.

Key findings for 2006–08

Numbers and rates
As shown in Table 1.2, 261 women died from causes directly

or indirectly related to their pregnancy, out of 2 291 493

mothers who gave birth in the UK during the years 2006–08.

Of these, 107 mothers died of conditions that could only

have arisen if they had been pregnant (Direct deaths), and

154 died of other underlying medical or psychiatric causes,

such as heart disease or suicide caused by puerperal psycho-

sis aggravated by their pregnancy (Indirect deaths; See the

Introduction chapter to this Report). A cross-check between

death certificates and the ONS record linkage study,

described in the Introduction of this Report, shows that, as

with the last Report, all known Direct and Indirect maternal

deaths in England and Wales were identified by this Enquiry

and assessed by Confidential Enquiry procedures. There is

no record linkage system currently in place in Scotland or

Northern Ireland, but these are small countries where mater-

nal deaths are unlikely to remain unnoticed, so coverage is

likely to be virtually complete in any event.

As shown in Figure 1.1, the overall UK maternal mortal-

ity rate for the triennium 2006–08, as calculated by this

Enquiry, that is the total number of Direct and Indirect

deaths combined per 100 000 maternities, was 11.39 (95%

CI 10.09–12.86) deaths per 100 000 maternities. This is less

than the rate of 13.95 (95% CI 12.45–15.64) for the previ-

ous Report for 2003–05 (P = 0.02). This reduction is par-

ticularly welcome because it took place at a time when

there was a rising birth rate, placing a greater pressure on

maternity services, as well as an increasing proportion of

mothers who were not born in the UK who often require

additional services and support ([www.statistics.gov.uk/cci/

nugget.asp?id=369]. Accessed 24 August 2010.).

Direct deaths
As shown in Figure 1.2, the mortality rate for maternal

deaths from Direct causes of death was 4.67 (95% CI 3.86–

5.64) for this triennium compared with the rate of 6.24

(95% CI 5.37–7.40) per 100 000 maternities given for the

last Report4 (P = 0.02). There has been a significant decline

in deaths from Direct causes since 1985, as shown in Fig-

ure 1.2 (P = 0.07).

The limitations placed on the Enquiry by adhering to

the international definition of maternal deaths, as discussed

Table 1.2. Direct and Indirect maternal deaths and mortality rates per 100 000 maternities as reported to the Enquiry; UK: 1985–2008

Triennium Direct deaths known to the

Enquiry

Indirect deaths known to

the Enquiry

Total Direct and Indirect

deaths known to the Enquiry

n Rate 95% CI n Rate 95% CI n Rate 95% CI

1985–87 139 6.13 5.19–7.23 84 3.70 2.99–4.58 223 9.83 8.62–11.21

1988–90 145 6.14 5.22–7.23 93 3.94 3.22–4.83 238 10.08 8.88–11.45

1991–93 128 5.53 4.65–6.57 100 4.32 3.55–5.25 228 9.85 8.65–11.21

1994–96 134 6.10 5.15–7.22 134 6.10 5.15–7.22 268 12.19 10.82–13.74

1997–99 106 4.99 4.13–6.04 136 6.40 5.41–7.57 242 11.40 10.05–12.92

2000–02 106 5.31 4.39–6.42 155 7.76 6.63–9.08 261 13.07 11.57–14.75

2003–05 132 6.24 5.27–7.40 163 7.71 6.61–8.99 295 13.95 12.45–15.64

2006–08 107 4.67 3.86–5.64 154 6.72 5.74–7.87 261 11.39 10.09–12.86

Change in rate 2000–02 to 2003–05 0.94 )0.54–2.42 )0.05 )1.75–1.65 0.89 )1.37–3.14

Change in rate 2003–05 to 2006–08 )1.57 )2.96 to )0.19 )0.99 )2.58–0.60 )2.56 )4.67 to )0.46

Sources: CMACE, Office for National Statistics, General Register Office for Scotland, Northern Ireland Statistics and Research Agency.
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in the Introduction, mean that any maternal deaths that

occur after 42 completed days following the end of preg-

nancy are not included in the overall maternal mortality

rate calculations. However, in this Report, nine women

died of Late Direct causes later than this, and, although

these cases are not included in the overall UK maternal

mortality rate, the lessons drawn from them are discussed

in the relevant Chapters of this Report.

Indirect deaths
For this triennium, the maternal mortality rate from Indi-

rect causes, that is from pre-existing or new medical or

mental health conditions aggravated by pregnancy such as

heart disease or suicide, is 6.72 (95% CI 5.74–7.87) per

100 000 maternities. The rate has not significantly changed

from the 7.71 (95% CI 6.61–8.99) per 100 000 maternities

in the last Report (P = 0.22). The numbers of maternal

deaths from Indirect causes continue to outnumber Direct

deaths, as has been seen in the past four Reports (Fig-

ures 1.2 and 1.3). Although there has been a significant

increase (P < 0.001) in mortality rates from Indirect causes

since 1985, this can probably be explained by far better case

ascertainment and inclusion of cases that might have been

considered as Coincidental in the past, such as suicides and

hormone-dependent malignancies.

Rolling 3-year average mortality rates
To provide more timely updates on general trends and any

emerging issues that require urgent attention, in future

CMACE will, in the 2 years between the 3-yearly publica-

tion of these comprehensive Saving Mothers’ Lives Reports,

publish a short annual summary on the rolling 3-year aver-
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Figure 1.1. Direct and Indirect maternal mortality rates per 100 000 maternities; UK: 1985–2008.

0

1

2

3

4

5

6

7

8

9

10

1985–1987 1988–1990 1991–1993 1994–1996 1997–1999 2000–2002 2003–2005 2006–2008

R
at

e 
p

er
 1

00
 0

00
 m

at
er

n
it

ie
s

Test for trend over period 1985–2008: P = 0.07

Figure 1.2. Direct maternal mortality rates per 100 000 maternities; UK: 1985–2008.
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age rates and trends. As a baseline for these annual

updates, Table 1.3 provides the first of these 3-year rolling

average UK maternal mortality rates since 2003. It shows

that there has been a continuing small decline in both

Direct and Indirect deaths (P = 0.01).

Deaths in pregnant women or new mothers up to
6 months after delivery or the end of pregnancy
which were not apparently to the result of, or
affected by, pregnancy

Coincidental deaths
To ascertain which of the deaths in pregnant or recently

delivered women were directly or indirectly related to their

pregnancy, it is important to assess all the cases of mothers

who died while pregnant or in the 42 days following deliv-

ery. Those deaths then found to be unrelated to pregnancy

and which appear to be linked only by a temporal associa-

tion are classified as being Coincidental. By international

convention, these do not contribute to the statistics used to

calculate the UK maternal mortality rate determined by this

Enquiry (See the Introduction chapter to this Report). The

deaths of 50 women who died of such Coincidental causes

were assessed this triennium. This was a similar number to

the 55 identified in the last Report. However, although

apparently unrelated to pregnancy, these deaths often con-

tain important public-health messages, for example con-

cerning domestic abuse, substance misuse and the use of

seat belts, and are discussed in Chapter 12.

Late deaths
Late maternal deaths are internationally classified as those

occurring between 6 weeks and 1 year (43–365 days) after

delivery. They can be from Direct, Indirect or Coincidental

causes, but none are included in the internationally defined

maternal mortality rate. For over 15 years these have been

regularly notified to the Enquiry through the record linkage

system developed by the ONS, described in detail in earlier

Reports, latterly also assisted by the CMACE Regional

Managers.

Experience has shown that although some of these

deaths continue to reveal important lessons for clinical care
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Figure 1.3. Indirect maternal mortality rates per 100 000 maternities; UK: 1985–2008.

Table 1.3. Rolling 3-year average Direct and Indirect maternal deaths and mortality rates per 100 000 maternities as reported to the Enquiry;

UK: 2003–08

3-year period Total UK maternities Direct deaths Indirect deaths Total Direct and Indirect

deaths

n Rate 95% CI n Rate 95% CI n Rate 95% CI

2003–05 2 114 004 132 6.24 5.26–7.41 163 7.71 6.61–8.99 295 13.95 12.45–15.64

2004–06 2 165 909 118 5.45 4.55–6.53 154 7.11 6.07–8.33 272 12.56 11.15–14.14

2005–07 2 220 979 113 5.09 4.23–6.12 146 6.57 5.59–7.73 259 11.66 10.32–13.17

2006–08 2 291 493 107 4.67 3.86–5.64 154 6.72 5.74–7.87 261 11.39 10.09–12.86
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or maternity or community services, the majority, which

are from Coincidental causes, do not, and most of these

deaths have not been comprehensively assessed this trien-

nium. The exceptions are those mothers who died from

Late Direct and Late Indirect causes. Late Direct deaths are

important because, however long after delivery the terminal

event occurred and even though their lives may have been

prolonged through intensive care or support, there are

often lessons to be learnt from the presentation or manage-

ment of these mothers precipitating pregnancy-related or

childbirth-related events. There may also be crucial lessons

to be learnt from the deaths of mothers who died from

Late Indirect causes such as cardiomyopathy and suicide,

which generally tend to occur some months after delivery.

Thirty-three deaths, nine from Late Direct and 24 from

Late Indirect causes, which occurred within 6 months of

delivery, have been included and assessed and are listed in

Chapter 12 of this Report. CMACE did not collect infor-

mation on any other type of Late death this triennium.

The children left behind
In the period of this Report, it is estimated that at least

331 existing children and 147 live newborn babies lost their

mother to a reported Direct or Indirect death. Of the exist-

ing children whose mothers died a Direct or Indirect death,

26 were already in the care of social services, as were 23

children whose mothers died from Coincidental causes,

mainly related to substance misuse or violence. Any child

whose mother dies must face a far poorer start to family

life. The fact that so many of the children were already liv-

ing in complex circumstances with vulnerable families, or

were in care, continues to underscore the important pub-

lic-health dimension of this Enquiry.

The clinical reasons why mothers died
Table 1.4 gives the numbers and maternal mortality rates

per 100 000 maternities by specific cause of death by trien-

nium, since 1985, when the Enquiry expanded to cover the

whole of the UK. Table 1.5 shows the rates and 95% confi-

dence intervals for the main causes of maternal death in

the last three triennia for 2000–08 and Figure 1.4 shows

the leading causes of maternal deaths for this triennium in

ranked order.

Leading causes of death

Direct deaths
This triennium, there has been a change in the rankings of

Direct deaths by cause. Unlike in previous Reports, the

leading cause of Direct deaths for 2006–08 was genital tract

infection, described here as sepsis, followed by pre-eclamp-

sia/eclampsia, which keeps its second place ranking. Deaths

from thromboembolism, the leading cause of death in the

UK since 1985, have now dropped into third place, fol-

lowed by those from amniotic fluid embolism. Deaths from

haemorrhage have also dropped, to sixth place, following

those in early pregnancy. Mortality from anaesthesia

remains very low and is still the seventh Direct cause. Over-

all, the total numbers of Direct deaths have declined from

132 in the last Report to 107 in this. The decline in the

mortality rate from thromboembolism between the 2003–

05 and 2006–08 triennia is statistically significant

(P < 0.001), but the changes in other rates are small

enough to be chance findings. It will be important to see if

these changes are sustained in the Report for 2009–11.

Indirect deaths
Cardiac disease was again the leading cause of deaths from

Indirect causes as well as being the leading cause of death

overall. Mortality rates for deaths from Other Indirect

causes due to pre-existing medical conditions and those

from neurological conditions are also higher than for the

leading cause of Direct death, sepsis. Deaths from suicide,

the leading cause of maternal deaths in 2000–02, have

dropped a little more and now equal those from amniotic

fluid embolism.

The care the mothers received

Antenatal care
Table 1.6 shows the type of antenatal care provided for the

mothers who died.

The women who did not come for care
Forty-one women who died from Direct or Indirect causes

had no antenatal care. For 27 it was because they died in

early pregnancy before their ‘booking’ appointment, so

only 14 (6%) women who died in later pregnancy or after

delivery received no antenatal care at all. Six of these con-

cealed their pregnancies. Another 21 (8%) booked for care

after 18 weeks of gestation. For another 11 women, these

data were not available. These 35 mothers (13%) who died

and who had not ‘booked’ by 18 weeks of gestation con-

trast with the 4% of mothers found not to have ‘booked’

with NHS maternity services by 18 weeks of gestation in a

study undertaken by the National Perinatal Epidemiology

Unit in 2006, covering the period of this Report.5 In 2010,

the latest NHS vital signs survey by the Department of

Health for England6 reported that 87% of mothers were

now booked by 13 weeks of gestation, compared with 58%

of the women who died from Direct and Indirect causes in

this Report. In addition to these late bookers, another 35

(14%) women were poor attenders for care, giving a total

of 26% of the mothers who died from Direct and Indirect

causes who were poor or nonattenders and, as a result, had

less than optimal antenatal care.
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Maternity team and consultant led care
For 42% of the women who died, antenatal care was shared

between their GP, midwife and their obstetrician; so-called

traditional ‘shared care’. Many of these women saw a

member of the obstetric staff once or twice to check that

all was well, and in the main their care was managed by a

midwife. Forty-three (17%) of the mothers who died were

known to have been at higher risk of complications, and

their care was provided by the consultant-led maternity

team, including obstetricians and midwives. These propor-

tions have not changed since the last Report.

Midwifery care
Fifty-two (20%) of the women for whom information is

available had entirely midwifery-led care. For most this was

appropriate, but this is discussed further in Chapter 13.

This is double the number of women who received such

care in the last Report, but this would be expected because

it is in line with the policies for NHS maternity care

expressed in Maternity Matters7 and other documents.

These policies support the role of the midwife as being the

expert in the provision of routine antenatal and postnatal

maternity care and normal birth for women for whom

there are no known potential risk factors or complications.

As a reflection of the changing nature of maternity service

provision, only 4% of women had their care shared

between midwives and their GPs.

The women who died before delivery
As shown in Table 1.7, 37% of women who died from

Direct or Indirect causes were undelivered at the time of

their death. For Direct deaths, the largest group were

women who died in early pregnancy of miscarriage, ectopic

pregnancy or sepsis. The causes of deaths among the Indi-

rect deaths groups were varied between medical conditions

including epilepsy and diabetes, as well as cardiac disease.

Eight of the 11 women who were murdered and whose

deaths were classified as Coincidental died while still preg-

Table 1.5. Numbers and rates per 100 000 maternities of maternal deaths reported to the Enquiry by cause; UK: 2000–08

Cause of death 2000–02 2003–05 2006–08

n Rate 95% CI n Rate 95% CI n Rate 95% CI

Direct deaths

Sepsis* 13 0.65 0.38–1.12 18 0.85 0.54–1.35 26 1.13 0.77–1.67

Pre-eclampsia and eclampsia 14 0.70 0.42–1.18 18 0.85 0.54–1.35 19 0.83 0.53–1.30

Thrombosis and thromboembolism 30 1.50 1.05–2.15 41 1.94 1.43–2.63 18 0.79 0.49–1.25

Amniotic fluid embolism 5 0.25 0.10–0.60 17 0.80 0.50–1.29 13 0.57 0.33–0.98

Early pregnancy deaths 15 0.75 0.45–1.25 14 0.66 0.39–1.12 11 0.48 0.27–0.87

Ectopic 11 0.55 0.30–0.99 10 0.47 0.25–0.88 6 0.26 0.12–0.58

Spontaneous miscarriage 1 0.05 0.01–0.36 1 0.05 0.01–0.34 5 0.22 0.09–0.52

Legal termination 3 0.15 0.05–0.47 2 0.09 0.02–0.38 0 0.00

Other 0 0.00 1 0.05 0.01–0.34 0 0.00

Haemorrhage 17 0.85 0.53–1.37 14 0.66 0.39–1.12 9 0.39 0.20–0.75

Anaesthesia 6 0.30 0.13–0.67 6 0.28 0.13–0.63 7 0.31 0.15–0.64

Other Direct 8 0.40 0.20–0.80 4 0.19 0.07–0.50 4 0.17 0.07–0.47

Genital tract trauma 1 0.05 0.01–0.36 3 0.14 0.05–0.44 0 0.00

Fatty liver 3 0.15 0.05–0.47 1 0.05 0.01–0.34 3 0.13 0.04–0.41

Other causes 4 0.20 0.08–0.53 0 0.00 1 0.04 0.01–0.31

All Direct 106 5.31 4.39–6.42 132 6.24 5.26–7.41 107 4.67 3.86–5.64

Indirect

Cardiac disease 44 2.20 1.64–2.96 48 2.27 1.71–3.01 53 2.31 1.77–3.03

Other Indirect causes 50 2.50 1.90–3.30 50 2.37 1.79–3.12 49 2.14 1.62–2.83

Indirect neurological conditions 40 2.00 1.47–2.73 37 1.75 1.27–2.42 36 1.57 1.13–2.18

Psychiatric causes 16 0.80 0.49–1.31 18 0.85 0.54–1.35 13 0.57 0.33–0.98

Indirect malignancies 5 0.25 0.10–0.60 10 0.47 0.25–0.88 3 0.13 0.04–0.41

All Indirect 155 7.76 6.63–9.08 163 7.71 6.61–8.99 154 6.72 5.74–7.87

Coincidental 36 1.80 1.30–2.50 55 2.60 2.00–3.39 50 2.18 1.65–2.88

Late deaths

Direct 4 11 9

Indirect 45 71 24

*Including early pregnancy deaths as the result of sepsis.

Sources: CMACE, Office for National Statistics, General Register Office for Scotland, Northern Ireland Statistics and Research Agency.
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Figure 1.4. Leading causes of maternal death per 100 000 maternities; UK: 2006–08. Other Indirect causes of death are separated into neurological

and others, and Other Direct includes fatty liver and a direct cancer.

Table 1.6. Maternal deaths by type of antenatal care; UK: 2006–08

Direct Indirect Direct and

Indirect

Coincidental Late Direct All deaths

n n n % n n n %

Type of antenatal care

Team-based or ‘shared’ care 42 68 110 42 16 1 127 40

Midwife only 27 25 52 20 12 2 66 21

Consultant-led care 11 32 43 17 7 3 53 17

Midwife and GP 6 4 10 4 2 1 13 4

Other 2 1 3 1 1 0 4 1

Private 0 1 1 0 0 0 1 0

No antenatal care 18 23 41 16 12 2 55 17

Not known 1 0 1 0 0 1

Total 107 154 261 100 50 9 320 100

Reason for no antenatal care

Death before booking or after miscarriage or TOP 11 16 27 11 7 0 34 11

Concealed pregnancy 4 2 6 2 1 1 8 3

Not known 3 5 8 4 1 13

Total 18 23 41 12 2 55

Attendance

Regular 73 109 182 71 28 6 216 68

Missed 1–3 9 11 20 8 4 0 24 8

Missed 4 or more 5 10 15 6 5 1 21 7

Not known 1 1 2 1 0 3

Total 88 131 219 38 7 264

Gestation at booking

<12 weeks 42 76 118 47 16 5 139 46

12–19 weeks 35 40 75 30 14 2 91 30

20+ weeks 6 9 15 6 1 0 16 5

Not known 5 6 11 7 0 18

Total 88 131 219 38 7 264

All 107 154 261 100 50 9 320 100
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nant, their baby dying with them. Many women who died

from substance abuse also died during pregnancy, some

from apparently ‘accidental overdoses’ following a case pro-

tection conference where it had been suggested that the

baby be taken into care after birth. Seventeen of these

women who either died of an ‘accidental overdose’ or frank

suicide are discussed in Chapter 11. The majority of the

other Coincidental deaths in pregnancy were from road

traffic accidents.

The 10th revision of the International Classification of

Diseases (ICD) recommends that live births and stillbirths

at 22 or more weeks of gestation should be included in

all perinatal statistics. To date, this Report has used the

UK definition of stillbirth, that is deaths at 24 or more

completed weeks of gestation, the numbers for which are

given in Table 1.7. If the UK stillbirth definition was

reduced to 22 weeks, then the death of a woman who

died from Direct causes, one woman who died from Indi-

rect causes and two from Coincidental causes delivered

between 22 and 23 completed weeks of gestation would

have been included.

Place of delivery
The majority, 87%, of the 165 women who died from

Direct or Indirect causes and who gave birth at 24 com-

pleted weeks of gestation or more, delivered in an NHS

consultant-led maternity unit. This is shown in Table 1.8.

Even though more women are delivering at home or in

midwifery-led birth centres, this percentage is to be

expected among these women because many would have

had underlying conditions for which it would have been

unsafe to deliver at home or in an isolated ‘stand alone’

midwifery unit.

Seventeen women who were rushed to hospital undergoing

cardiopulmonary resuscitation, having collapsed at home

or having been involved in a road traffic accident, were

delivered in the Emergency Department by peri-mortem

caesarean section.

Table 1.7. Maternal deaths by gestation, type of death and neonatal outcome; UK: 2006–08

Direct Indirect Direct and

Indirect

Coincidental Late Direct All deaths

n n n % n n n %

Undelivered

<24 weeks* 26 47 73 28 28 1 102 32

24 weeks or more 2 21 23 9 5 0 28 9

Not known 0 0 0 0 1 1

Delivered at 24 or more weeks of gestation

Stillbirth** 14 15 29 11 4 0 33 10

Surviving live birth** 58 66 124 48 13 7 144 45

Neonatal death** 7 5 12 5 0 0 12 4

All 107 154 261 100 50 9 320 100

*Includes all ectopic pregnancies, miscarriages and termination of pregnancy.

**Twin pregnancies are counted as one birth event or maternity. There were seven sets of twins in the Direct category, six in the Indirect category

and one in the Coincidental group. There were no deaths of women with triplets or higher order pregnancies in this triennium.

Table 1.8. Maternal deaths by place of delivery at 24 or more completed weeks of gestation; UK: 2006–08

Place of delivery Direct Indirect Direct and

Indirect

Coincidental Late Direct All deaths

n n n % n n n %

Consultant-led unit 68 75 143 87 17 7 167 88

Emergency Department 8 9 17 10 0 0 17 9

Home 2 1 3 2 0 0 3 2

Midwife-led unit 1 0 1 1 0 0 1 1

Private hospital 0 1 1 1 0 0 1 1

Total delivered 79 86 165 100 17 7 189 100

Chapter 1: The women who died 2006–2008
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Neonatal outcome
The neonatal outcomes for women who delivered at

24 weeks of gestation or more are shown in Table 1.7.

Type of delivery
As shown in Table 1.9, 59% of the women who delivered,

did so by caesarean section. It is important to note how-

ever, that in many instances, the operation was performed

to assist the mother or her baby after significant illness or

frank collapse had occurred. Thirty-five percent of mothers

had unassisted vaginal deliveries, a 5% increase on the

deaths that were described in the last Report.

Caesarean section
As shown in Table 1.9 and Box 1.1, this Enquiry uses the

Royal College of Obstetricians and Gynaecologists (RCOG)

definition of caesarean section. As discussed in earlier

Reports, determining the balance of maternal and fetal risks

for caesarean section is difficult, and for this Report, it was

virtually impossible to disentangle the fetal and maternal

reasons for most of the operations to make a meaningful

comparison. Only one caesarean section was performed at

maternal request. The remaining women had serious prena-

tal or intrapartum complications or illness that required a

caesarean section to try to save either their or their baby’s

life. It was therefore not possible to distinguish between

cause and effect for all but a very few women.

Peri- or post-mortem caesarean section
Table 1.10 shows the fetal outcomes of peri-/post-mortem

caesarean sections by place of delivery. As would be

expected, there were poorer outcomes for babies whose

mothers were already receiving cardiopulmonary resuscita-

tion on admission to the Emergency Department compared

with those whose mothers collapsed in a well-equipped

hospital or near a delivery suite or operating theatre. In

some cases, the section will have been performed in an

Table 1.9. Number of maternal deaths by mode of delivery at 24 or more completed weeks of gestation; UK: 2006–08

Mode of delivery Direct Indirect Direct and

Indirect

Coincidental Late Direct All deaths

n n n % n n n %

Unassisted vaginal 26 32 58 35 2 2 62 33

Ventouse 2 5 7 4 1 0 8 4

Forceps 1 2 3 2 0 0 3 2

Caesarean section 50 47 97 59 14 5 116 61

Emergency 21 15 36 22 3 1 40 21

Urgent 6 7 13 8 1 1 15 8

Scheduled 3 2 5 3 1 1 7 4

Elective 1 5 6 4 5 2 13 7

Peri- or post-mortem 19 17 36 22 4 0 40 21

Not known 0 1 1 1 0 0 1 1

Total delivered 79 86 165 100 17 7 189 100

Box 1.1. RCOG definition of type of caesarean section

Type Definition

Emergency Immediate threat to life of woman or fetus

Urgent Maternal or fetal compromise which is not immedi-

ately life-threatening

Scheduled Needing early delivery but no maternal or fetal

compromise

Elective At a time to suit the woman and the maternity

team

Peri-mortem Carried out in extremis while the mother is under-

going active resuscitation

Post-mortem Carried out after the death of the mother to try to

save the fetus

Table 1.10. Outcome of peri-mortem and post-mortem caesarean

sections by place of delivery; UK: 2006–08

Place of delivery Stillbirth Surviving

live birth

Early

neonatal

death

All

Emergency Department 11 1 5 17

Delivery room or

operating theatre

1 7 2 10

Critical Care or other

hospital department

5 4 2 11

All 17 12 9 38*

*Twin pregnancies count as two births in this table but as one deliv-

ery in Table 1.9.
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attempt to ‘empty the uterus’ to try to save the mother’s

life, knowing that the infant was unlikely to survive. Gesta-

tional age also plays a significant part in the likelihood of

neonatal survival. Table 1.11 shows that the nearer to term

the mother is when she collapses, the greater the chances

of the baby surviving.

The quality of care the women
received

Box 1.2 gives the definitions of substandard care used in

this Report.

Despite limitations caused by some incomplete case reports

or the poor quality of case notes, the assessors classified

70% of Direct deaths and 55% of Indirect deaths, as shown

in Table 1.12, as having some degree of substandard care.

Table 1.13 gives the degree of substandard care compared

with the previous four Reports.

Critical incident reports and internal reviews
For this triennium, it was possible to identify the number

of hospital critical incident reports undertaken, and the

results are shown in Table 1.14. Although it was not possi-

ble to evaluate critically the quality of these in each indi-

vidual’s circumstances, a recurring theme throughout this

report was the generally poor quality of many of these

reports. Improving these is one of the Key Recommenda-

tions of this Report.

Many of the main causes of substandard care remain

unchanged from previous Reports. These are discussed in

more detail in the individual Chapters in this Report and

addressed in many of the Key Recommendations in this

Report. The overarching challenges include the following.

Improving clinical knowledge and skills
A lack of clinical knowledge and skills among some doc-

tors, midwives and other health professionals, senior or

junior, was one of the leading causes of potentially avoid-

able mortality this triennium. One of the commonest find-

ings in this Report was the initial failure by many clinical

staff, including GPs, Emergency Department staff, midwives

and hospital doctors, to immediately recognise and act on

the signs and symptoms of potentially life-threatening con-

ditions. To help with this, the assessors have developed a

short new section, Back to basics, which is included in this

Report for the first time.

This lack of clinical knowledge and skills was not only

the case when distinguishing the signs and symptoms of

potentially serious disease from the commonplace symp-

toms of pregnancy in primary care or the Emergency

Department but also once a woman was hospitalised. There

were a number of healthcare professionals who either failed

to identify that a woman was becoming seriously ill or who

failed to manage emergency situations outside their imme-

diate area of expertise, and did not call for advice and help.

Identifying very sick women
In many cases in this Report, the early warning signs and

symptoms of impending severe maternal illness or collapse

went unrecognised. The early detection of severe illness in

mothers remains a challenge to all involved in their care.

The relative rarity of such events combined with the nor-

mal changes in physiology associated with pregnancy and

childbirth compounds the problem. Modified early warning

scoring systems have been successfully introduced into

other areas of clinical practice, and the last Report gave an

example of a Modified Early Obstetric Warning System

(MEOWS) chart. This is available on the CMACE website

at www.cmace.org.uk. Their introduction for all pregnant

or postpartum women who become unwell and require

further treatment, including following obstetric interven-

tions and gynaecological surgery, is one of the ‘Top ten’

recommendations of this Report.

Improving the quality of serious incident/serious untoward
incident reports
The quality of the serious incident/serious untoward inci-

dent report forms relating to maternal deaths assessed for

Table 1.11. Outcomes of peri-mortem and post-mortem caesarean

sections by gestational age; UK: 2006–08

Gestational

age (weeks)

Surviving

live births

Stillbirths

and neona-

tal deaths

All

n % n % n %

20–23 0 0 0 0 0 100

24–27 0 0 1 100 1 100

28–31 1 14 6 86 7 100

32–35 4 27 11 73 15 100

36 and over 7 47 8 53 15 100

All 12 32 26 68 38* 100

*Twin pregnancies count as two births in this table but as one deliv-

ery in Table 1.9.

Box 1.2. Definitions of substandard care used in this Report

Major Contributed significantly to the death of the

mother. In many, but not all cases, different

treatment may have altered the outcome.

Minor It was a relevant contributory factor. Differ-

ent management might have made a differ-

ence, but the mother’s survival was unlikely

in any case.

Chapter 1: The women who died 2006–2008
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this report was highly variable with many being of dubious

quality. The assessors considered some to be not worth the

paper they were written on and a few to be actually white-

washes or cover ups for unacceptable situations. For these

poor reports, there was little or no evidence of critical

thinking, an acceptance of shortcomings, little or no self-

reflective discussions and no evidence that obvious lessons

had been identified let alone learnt. In these cases, little or

no action was taken on any results, and in many cases, staff

were not involved in the process or the follow up of any of

the lessons learnt. This was a common finding throughout

all the Chapters in this Report and one which all assessors

agree represents unacceptable practice that must be cor-

rected as soon as possible.

Improving senior support
As in the last Report, some women were not seen by an

appropriately trained senior or consultant doctor in time,

and a few never saw a consultant doctor at all, despite, in

Table 1.12. Numbers and percentages of cases of Direct and Indirect deaths by cause and degree of substandard care (SSC); UK: 2006–08

Cause Numbers of cases Percentages of cases Percentage of

cases with

no SSC

Total

number of cases
Major Minor Total Major Minor Total

Direct

Thrombosis and thromboembolism 6 4 10 33 22 56 44 18

Pre-eclampsia, eclampsia and acute

fatty liver of pregnancy

14 6 20 64 27 91 9 22

Haemorrhage 4 2 6 44 22 67 33 9

Amniotic fluid embolism 2 6 8 15 46 62 38 13

Early pregnancy deaths 6 – 6 55 – 55 45 11

Sepsis 12 6 18 46 23 69 31 26

Anaesthesia 3 3 6 43 43 86 14 7

Total Direct 47 28* 75* 44 26 70 30 107*

Indirect

Cardiac disease 13 14 27 25 26 51 49 53

Other Indirect causes 17 11 28 33 21 54 46 52

Indirect neurological causes 11 12 23 31 33 64 36 36

Psychiatric causes 6 1 7 46 8 54 46 13

Total Indirect 47 38 85 31 25 55 45 154

Total Direct and Indirect 94 66 160 36 25 61 39 261

*Includes one case from choriocarcinoma that is classified as Direct.

Table 1.13. Numbers and percentages of cases of Direct and

Indirect deaths by degree of substandard care. UK: 1997–2008

Numbers of cases Percentages of

cases

Number

of cases

Major Minor Total Major Minor Total

Direct

1997–99 53 11 64 50 10 60 106

2000–02 50 21 71 47 20 67 106

2003–05 72 12 84 55 9 64 132

2006–08 47 28* 75* 44 26 70 107*

Indirect

1997–99 26 20 46 13 10 22 205

2000–02 31 25 56 20 16 36 155

2003–05 45 20 65 28 12 40 163

2006–08 47 38 85 31 25 55 154

*Includes one case from choriocarcinoma that is classified as Direct.

Table 1.14. Number of critical incident reviews undertaken for

maternal death cases; UK: 2006–08

Type of hospital review Type of death Total

Direct and

Indirect

Direct Indirect n %

Review undertaken 96 100 196 80

Root cause analysis 37 26 63 26

Hospital/Trust review 28 22 50 20

Clinical governance review 15 25 40 16

Other 12 22 34 14

Type of review not known 4 5 9 4

No review undertaken 9 41 50 20

Not known 2 13 15

Total 107 154 261
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some cases, being in a Critical-Care Unit. The reasons for

this were, generally, a lack of awareness of the severity of

the woman’s illness by more junior or locum maternity

staff, both doctors and midwives. In a few cases, the con-

sultant(s) did not attend in person until too late and relied

on giving advice over the phone.

It was also evident from some of these cases that junior

trainees and midwives in the front line seeing women

attending as emergencies did not have proper support and

back up and needed to have had clear guidelines about

when to seek senior help. They should not be expected to

manage sick women alone and, if they ask for help and

review, should be supported. Trainees need to communi-

cate the gravity and urgency of the situation clearly when

discussing women with consultants, who should ensure that

they have asked enough questions to enable themselves to

assess the situation fully and whether they need to attend

in person. It is the responsibility of the consultants to pro-

vide high-quality care for their patients, especially with the

European Working Time Directive introducing shift work

and a lack of continuity of care. So, perhaps similarly to

one of the ‘Top ten’ Recommendations of this Report, that

junior doctors and midwives should have a lower threshold

for referring ‘upwards’, consultants should accept a lower

threshold for attending a woman when on call instead of

relying on information provided over the phone. As

occurred in some cases in this Enquiry, it is unacceptable

that women are not seen by a consultant even when admit-

ted to a Critical-Care Unit.

The RCOG in 2010 published guidance on the responsi-

bility of consultants on call, and when they should attend.8

A summary of this is shown in Boxes 1.3 and 1.4.

Better management of higher risk women
This triennium, the assessors have been struck by the lack

of appropriate referral of potentially high-risk cases, and

lack of consultant involvement remains a problem in the

care of women with serious medical problems.

Medical care is advancing rapidly, as are changes in the

way ‘routine’ maternity care is provided in the UK, and

women must not be disadvantaged by this. It must be

appreciated that not all maternity centres are able or

equipped to care for pregnant women with major compli-

cations either preceding pregnancy or developing during

pregnancy. If women with underlying medical conditions

are to share in the advances in medicine, more will require

referral to tertiary or specialist medical centres for their

care in pregnancy.

Pre-pregnancy counselling
As in previous Reports, the findings of this triennium show

that many of the women who died from pre-existing dis-

eases or conditions that may seriously affect the outcome

of their pregnancies, or may require different management

or specialised services during pregnancy, did not receive

any pre-pregnancy counselling or advice. As a result, their

care was less than optimal, as neither they nor their carers

realised that closer surveillance or changes to medications

were appropriate.

Better referrals
There were a number of cases in this Report of women

dying before they had seen the specialist to whom they had

been referred because of medical or psychiatric problems.

Some women received appointments weeks after the origi-

nal referral, despite clearly being very ill, because the pro-

gress of the referral was not followed up. One or two

women were also refused specialist services because of local

commissioning arrangements.

Improving communication or communication skills
Poor communication is used as a generic term, which covers:

poor or non-existent team working; inappropriate or too

short consultations by phone; the lack of sharing of relevant

information between health professionals, including between

GPs and the maternity team; poor interpersonal skills.

Deficiencies in all of these areas featured in many cases

in this Report, as demonstrated in the vignettes described

in each Chapter.

Box 1.3. RCOG guidelines: emergency situations when a consultant

should attend in person, whatever the level of the trainee8

Eclampsia

Maternal collapse (such as massive abruption, septic shock)

Caesarean section for major placenta praevia

Postpartum haemorrhage of more than 1.5 l where the haemor-

rhage is continuing and a massive obstetric haemorrhage protocol

has been instigated

Return to theatre—laparotomy

When requested

Box 1.4. RCOG guidelines: situations when a consultant should

attend in person or be immediately available if the trainee on duty

has not been assessed and signed off, by objective structured

Assessment of Technical Skills (OSATS) where these are available, as

competent for the procedure in question8

Vaginal breech delivery

Trial of instrumental delivery in theatre

Twin delivery

Caesarean section:

At full dilatation

In women with body mass index >40

For transverse lie

At <32 weeks of gestation
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There were cases where a major failure of communication

between healthcare workers may have contributed to the

woman’s death. Notably, these included GPs not being

asked for information or not being consulted about further

referral and, in some cases, the GP not being informed that

the woman was pregnant. The converse was also true, with

the GP not passing on information relevant to the woman’s

health and well-being. In addition, the assessors have been

struck by the lack of further referral by hospital obstetri-

cians to senior specialists of potentially high-risk cases.

Underlying health status

Age
As in previous Reports, the recognised association between

maternal age and risk of pregnancy-related death, as shown

in Table 1.15 and Figure 1.5, remains. In this, as in previous

triennia, the highest maternal mortality rates are among the

older mothers. In this Report, the youngest mother who died

was aged 15 and the oldest was 47 years of age. Four girls

who died were aged between 15 and 16, two of whom died

from Direct causes, one of which occurred later in the post-

natal year. Two of these were living in the care of social ser-

vices and another was well known to them. Four of the ten

young mothers aged between 17 and 19 years were also

known to social services. Two were also described as being

‘learning disabled’, two used illegal drugs and one was con-

sidered to be homeless, having been recently discharged from

the care of social services.

Parity
The parity of the women who died is given in Table 1.16.

Because there are no reliable population denominator data

for parity, it is not possible to calculate specific maternal

mortality rates. Rates are, however, available for singleton

and multiple births, and these are shown in Table 1.17.

These show that the increased maternal mortality rate asso-

ciated with multiple births in the previous two triennia is

maintained. Women with multiple pregnancies appear to

be four times (95% CI 2.3–6.6) more likely to die of a

pregnancy-related complication than women expecting only

one child, but care should be taken in interpreting this

because of the very small numbers involved.

Assisted reproduction
Eight women whose deaths are counted in this Report were

known to have undergone assisted reproductive techniques

(ART), including in vitro fertilisation, for infertility, four of

whom died from Direct or Indirect causes, compared with

nine in the previous Report. Because it is not possible to

separate UK citizens from visitors from overseas who under-

went private in vitro fertilisation treatment, it is not possible

to obtain specific denominator data and therefore provide a

maternal mortality rate for UK citizens only. Furthermore, it

is not possible to calculate an overall mortality rate for ART,

because many of the overseas women will have gone back to

their own countries to give birth and are lost to UK follow

up. But, based on the findings of earlier Reports where the

data were analysed irrespective of citizenship and place of

Table 1.15. Total number of Direct and Indirect deaths by age (in years) of the women who died and rate per 100 000 maternities; UK: 1985–

2008

Under 20 20–24 25–29 30–34 35–39 40 and over Not stated All ages

Numbers

1985–87 15 47 53 60 35 13 0 223

1988–90 17 38 74 57 31 18 3 238

1991–93 7 30 87 61 36 7 1 229

1994–96 15 40 71 70 53 11 8 268

1997–99 19 34 60 66 50 13 0 242

2000–02 16 30 70 79 47 19 0 261

2003–05 15 39 66 91 64 20 0 295

2006–08 13 36 59 58 71 24 0 261

Rates per 100 000 maternities

1985–87 7.6 7.1 6.7 13.6 22.8 48.4 9.8

1988–90 8.8 6 8.9 11.5 18.7 57.4 10.1

1991–93 4.2 5.5 10.6 10.9 19.1 20.6 9.9

1994–96 10.2 9 9.6 11.5 24.1 29.1 12.2

1997–99 11.7 8.9 9.3 10.5 19.2 29.0 11.4

2000–02 10.6 8.2 13.0 13.2 16.2 35.6 13.1

2003–05 9.9 9.8 12.4 14.5 19.1 29.4 14.0

2006–08 8.6 8.2 9.7 9.2 18.8 29.2 11.4
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delivery, there appeared to be no appreciable increase in the

maternal mortality rate associated with ART. The small

numbers in this Report suggest that it does not seem to have

been the case in this triennium either.

Obesity
Obesity is defined by a woman’s Body Mass Index (BMI).

This is calculated by the person’s weight in kilograms

divided by the square of their height in metres (kg/m2).

Box 1.5 shows how the National Institute for Health and

Clinical Excellence (NICE)9 and the NHS Information Cen-

tre (NHSIC)10 classify BMI into the categories used in this

Report.

0

5

10

15

20

25

30

35

40

45

50

Under 20 20–24 25–29 30–34 35–39 40 and over
Maternal age

R
at

e 
p

er
 1

00
 0

00
 m

at
er

n
it

ie
s

Figure 1.5. Maternal mortality rates by age group; UK: 2006–08.

Table 1.16. Parity of the women who died; UK: 2006–08

Parity Direct Indirect Direct and

Indirect

n % n % n %

Nulliparous 46 43 49 32 95 36

Multiparous 61 57 105 68 166 64

1–4 58 54 99 64 157 60

5–10 3 3 6 4 9 3

All 107 100 154 100 261 100

Table 1.17. Direct (including Late Direct) and Indirect deaths and rates per 100 000 maternities for singleton and multiple births; UK: 1997–2008

Direct and Indirect deaths Relative risk 95% CI Maternities (n)

n Rate 95% CI

2006–08

Singleton 232 10.28 9.04–11.69 1.0 2 256 298

Multiple 14 39.74 23.54–67.11 3.9 2.3–6.6 35 226

Not known 24

Total 270

Singleton

1997–99 234 11.17 9.83–12.70 1.0 2 093 965

2000–02 255 12.96 11.46–14.65 1.0 1 967 834

2003–05 295 14.17 12.64–15.88 1.0 2 082 429

Multiple

1997–99 8 26.16 13.26–51.62 2.3 1.2–4.7 30 578

2000–02 6 20.24 9.28–44.17 1.6 0.7–3.5 29 638

2003–05 11 34.84 19.45–62.38 2.5 1.4–4.5 31 575

Sources: CMACE, Office for National Statistics, General Register Office for Scotland, Northern Ireland Statistics and Research Agency.
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Overall prevalence
As the overall prevalence of obesity has increased in the

general population so it has among pregnant women. In

2007, it was estimated that 24% of women in the UK aged

16 years or more were obese.11 This is an increase from the

16% calculated for 1993.12

The women who died
From the notes available to the Enquiry, the BMI was

available for 227 (87%) mothers who died from Direct or

Indirect causes. It was not recorded, or was not stated, for

34 women, many of whom died earlier in pregnancy and

had not been booked for maternity care so their BMI had

not been calculated. In a few other cases, the data were

missing.

As shown in Table 1.18, in this Report 47% of mothers

who died from Direct causes were either overweight or

obese, as were 50% of women who died from Indirect

causes. This means that overall, 49% of the women who

died and for whom the BMI was known were either over-

weight or obese. When considering obesity alone, that is a

BMI of 30 or more, 30% of mothers who died from Direct

causes and for whom the BMI was known were obese, as

were 24% of women who died from Indirect causes; 27%

overall.

In terms of the impact of maternal weight on specific

causes of death, it was most significant for mortality from

thromboembolism, where 78% of the mothers who died

were overweight or obese. The next group was mothers

dying from cardiac disease, of whom 61% were either over-

weight or obese. For other causes, the percentage of women

dying and who were overweight or obese was around 40%,

except for those from suicide, haemorrhage and sepsis

where the rates were around the national average, that is

around 20–25%.

Severe maternal morbidity
A national cohort study of the most morbidly obese

women (BMI ‡ 50 kg/m2 or greater) was undertaken

through the UK Obstetric Surveillance System (UKOSS)

between September 2007 and August 2008.13 This identi-

fied 665 extremely obese women in an estimated 764 387

maternities; an estimated prevalence of 87 per 100 000

maternities. The women were at risk of a number of

severe morbidities, including pre-eclampsia (adjusted odds

ratio 4.46, 95% CI 2.43–8.16), gestational diabetes

(adjusted odds ratio 7.01, 95% CI 3.56–13.8), and inten-

sive-care unit admission (adjusted odds ratio 3.86, 95%

CI 1.41–10.6). Obese women were also more likely to

have interventions which put them at risk of severe mor-

bidity, including caesarean delivery (adjusted odds ratio

3.50, 95% CI 2.72–4.51) and general anaesthesia (adjusted

odds ratio 6.35, 95% CI 2.63–15.3). No women in this

study died.

Impact on pregnancy
Obesity in pregnancy, defined as a BMI ‡ 30 at booking,

was discussed in depth in the last Report. Since then,

CMACE and the RCOG have published a joint guideline

on the management of women with obesity in pregnancy,14

which should be required reading for all maternity or

obstetric health professionals.

Box 1.5. Classifications of Body Mass Index

Body Mass

Index (kg/m2)

NICE

classification9

NHSIC

classification10

<18.5 Unhealthy weight Underweight

18.5–24.9 Healthy weight Normal

25.0–29.9 Overweight Overweight

30.0–34.9 Obesity I Obese I

35.0–39.9 Obesity II Obese II

‡40 Obesity III Morbidly obese

Table 1.18. Body Mass Index by Direct and Indirect maternal death for women who had a BMI recorded; UK: 2006–08

Under 18.5 18.5–24.9 25.0–29.9 30.0–39.9 40 and

over

All mothers

with BMI 25+

Total with

known BMI

Not

recorded*

Not

stated

Numbers

Direct 0 49 15 21 7 43 92 11 4

Indirect 10 57 35 26 7 68 135 14 5

Total 10 106 50 47 14 111 227 25 9

Percentages

Direct 0 53 16 23 8 47 100

Indirect 7 42 26 19 5 50 100

Total 4 47 22 21 6 49 100

*This includes women who did not book for antenatal care, had a miscarriage or ectopic pregnancy or booked after 12 weeks of gestation.
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Obesity in pregnancy is associated with increased risks of

complications for both mother and baby, and a summary

of these is given in Box 1.6.

Smoking
Table 1.19 shows that of the women whose smoking status

was known, 65% (148) said that they had never smoked

and 28% (64) were current smokers. Six percent (14) said

they gave up before pregnancy. This compares with the

14.7% of women smoking in pregnancy identified in the

Association of Public Health Observatories survey for 2007/

08.15

Vulnerability

Ethnicity
The ethnic groups of all women who died were reported to

the Enquiry, but the ethnic group of mothers in general is

recorded only in England and not in the other countries of

the UK. Since 1995, ethnic group information has been

recorded in the Hospital Episode Statistics (HES) System

for England, but coverage is still not complete. By the

financial year 2008/09, ethnic group was recorded for 75%

of deliveries in England for the years covered by this

Report. A comparison of maternity HES data for 2000/01

with data about children under the age of 1 year recorded

in the 2001 census showed that the ethnic group distribu-

tion in HES delivery data was broadly comparable to the

census population as long as maternities to women whose

ethnic group was not stated are grouped with those to

women whose ethnic group was recorded as White. Mater-

nity HES data for the financial years 2006/07, 2007/08 and

2008/09 have been grossed up to the total numbers of reg-

istered maternities in England in the 2006/08 triennium to

produce the estimated maternities in Table 1.20. These

have been used to produce estimated mortality rates and

relative risks by ethnic group for England.

These rates and relative risks are based on small numbers

and the coding of ethnicity may be problematic so they

should be interpreted with caution. Nevertheless, analysis of

the English data suggests that for Black African women

(P < 0.001) and, to a lesser extent Black Caribbean women

(P < 0.001), the mortality rate is significantly higher than

that for White women. This may not only reflect the cultural

factors implied in ethnicity but their social circumstances

and the fact that some of them may have recently migrated

to the UK under less than optimal circumstances.

There have, however, been changes in the mortality rates

among certain ethnic groups over time, as Table 1.21

shows. Since the 2000–02 triennium there has been a sig-

nificant decline in the maternal mortality rate among

women who define themselves to be of Black African origin

and of White origin. Time trends for both groups are

shown in Figures 1.6 and 1.7. Note that because of small

numbers and caution about accurate reporting, these fig-

ures are not broken down into further subcategories.

Overall, 42% of Direct maternal deaths occurred in

women of Black and minority ethnic groups and 24% of

Indirect deaths, giving an overall percentage of 31% of

women who died of maternal causes declaring themselves

to be from nonWhite ethnic groups. The maternal mortal-

ity rate for Direct causes among women from Black and

other minority ethnic groups is significantly different

(P < 0.001) when compared with the White ethnic group.

However, for deaths from Indirect causes, the difference is

not significantly different (P = 0.3). Women died from all

causes, and there was no relationship between ethnic group

and cause of death.

Little or no engagement with maternity services has been

a risk factor for maternal deaths for many years. Compared

with women of White ethnic origin, 11% of whom were

Box 1.6. Risks related to obesity in pregnancy14

For the mother increased risks include:

• spontaneous first trimester and recurrent miscarriage

• maternal death or severe morbidity

• cardiac disease

• pre-eclampsia

• dysfunctional labour

• gestational diabetes

• thromboembolism

• higher chance of needing a caesarean section

• post-caesarean wound infection

• postpartum haemorrhage

• low breastfeeding rates.

For the baby increased risks include:

• stillbirth and neonatal death

• congenital abnormalities

• prematurity.

References for these are available in the CMACE

report14 and the last Report of this Enquiry for 2003–

053.

Table 1.19. Smoking status of maternal deaths from Direct and

Indirect causes; UK: 2006–08

Smoking Direct Indirect Direct and

Indirect

n % n % n %

Never 71 82 77 55 148 65

Gave up before

pregnancy

4 5 10 7 14 6

Current 12 14 52 37 64 28

Not known 20 15 35

All 107 154 261
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poor or nonattenders for care, 25% of the Black Caribbean

and 23% of Pakistani mothers were also poor attenders for

maternity care. This is defined as booking after 22 weeks of

gestation or no antenatal care at all. There was no differ-

ence, however, for women from Black African origin,

implying that they were able to access maternity care more

readily than in the past. Indian women were generally good

attenders for care. The numbers of women in other catego-

ries were too small for meaningful analysis.

Severe maternal morbidity
The impact of ethnicity on the risk of severe maternal mor-

bidity was examined in a national cohort study using data

collected by the UKOSS.16 The estimated risk of specific

severe maternal morbidities in White women was 80 cases

per 100 000 maternities, and that in women from Black or

other minority ethnic groups was 126 cases per 100 000

(risk ratio 1.58, 95% CI 1.33–1.87). Black African women

(188 cases per 100 000 maternities; risk ratio 2.35, 95% CI

1.45–3.81) and Black Caribbean women (196 cases per

100 000 maternities; risk ratio 2.45, 95% CI 1.81–3.31) had

the highest risk compared with White women. The risk in

Black or other minority ethnic women remained high after

adjustment for differences in age, socioeconomic and

smoking status, BMI and parity (odds ratio 1.50, 95% CI

1.15–1.96).

Table 1.20. Number and estimated rates of maternal deaths by type and ethnic group; England: 2006–08

Ethnic Group Estimated number

of maternities

Numbers of deaths Estimated rate

per 100 000

maternities

95% CI for

death rate

Relative

risk (RR)

95% CI

for RR
Direct Indirect Direct and

Indirect

White 1 832 363 52 104 156 8.51 7.28–9.96 1.0

British/Irish 50 102 152

Other 2 2 4

Mixed 32 898 2 0 2 6.08 1.52–24.31 0.71 0.18–2.88

Black 124 779 18 17 35 28.05 20.14–39.07 3.29 2.28–4.75

Caribbean 25 089 3 5 8 31.89 15.95–63.76 3.75 1.84–7.62

African 76 180 14 11 25 32.82 22.17–48.57 3.85 2.53–5.88

Other 23 510 1 1 2 8.51 2.13–34.02 1.00 0.25–4.03

Asian 187 845 10 13 23 12.24 8.14–18.43 1.44 0.93–2.23

Indian 63 886 5 3 8 12.52 6.26–25.04 1.47 0.72–2.99

Pakistani 91 077 4 9 13 14.27 8.29–24.58 1.68 0.95–2.95

Bangladeshi 32 882 1 1 2 6.08 1.52–24.32 0.71 0.18–2.88

Chinese 13 241 1 1 2 15.11 3.78–60.40 1.77 0.44–7.16

Other 100 367 7 1 8 7.97 3.99–15.94 0.94 0.46–1.91

Middle Eastern 2 0 2

Other Asian 5 1 6

Total 2 291 493 90 136 226

Table 1.21. Trend in estimated rates of Direct and Indirect maternal deaths by ethnic group per 100 000 maternities; England: 2000–08

2000–02 2003–05 2006–08 Test for trend P-value

Rate 95% CI Rate 95% CI Rate 95% CI

White 10.7 9.1–12.6 11.1 9.5–12.9 8.5 7.3–10.0 0.04*

Black

Caribbean 25.8 13.7–44.1 41.1 21.6–78.1 31.9 16.0–63.8 0.5

African 72.1 48.6–102.9 62.4 43.7–89.0 32.8 22.2–48.6 0.003*

Asian

Indian 15.5 6.2–31.9 20.3 10.7–38.6 12.5 6.3–25.0 0.6

Pakistani 12.3 5.9–22.7 9.2 4.1–20.1 14.3 8.3–24.6 0.7

Bangladeshi 22.5 9.7–44.2 23.6 10.8–51.4 6.1 1.5–24.3 0.1

*Maternal mortality in White and Black African ethnic groups show a statistically significant downward trend over the three triennia.
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Newly arrived migrants, refugees and asylum-seek-
ing women

African migrant women
There were 28 woman of Black African ethnicity who died

compared with 35 in the last report. Of the Black African

women, nine were known to be UK citizens. Of the remain-

der who were citizens of other countries, most were either

recently arrived new immigrants, refugees or asylum seekers.

Newly arrived brides
Several deaths in Asian women occurred in newly arrived

brides who could not speak English. Over the years, these

have been some of the saddest stories considered by this

Enquiry, and this triennium is no exception, as many

seemed to be very badly treated by their new relatives. Late

booking is common, as is family collusion. This triennium,

one young girl was murdered, and another, who died in a

fire in her new family’s house, had all the signs of suicide

following a very abusive and violent relationship. What

shocked the assessors in the latter was the ease with which

the flimsy explanation for her death was accepted by those

who cared for her despite evidence to the contrary. Three

further deaths occurred in women from the Far East who

may have contracted to marry British men, and one was

subject to significant domestic abuse from her husband,

who was eventually sent to jail for assault.

Healthcare professionals should keep a closer eye on

newly arrived brides, especially those who are unable to

speak English and without any family members in the UK.

This should particularly be the case if they book late or are

poor attenders for care.
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Figure 1.6. Trends in maternal mortality rates for Black African women; England: 2000–08.
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New countries of the European Union
There were several maternal deaths of women who had

recently arrived from countries newly admitted to the

European Union (EU), including two Polish women. This

reflects the experiences of the maternity services in general

who report rising numbers of women from the expanded

EU, many of whom do not speak English.

‘Health tourism’
It is not possible to identify, with total accuracy, the num-

ber of women who travelled to the UK to give birth, but

there were certainly several women from Africa, mainly

Nigeria, who were probably in this category. These are

comparable figures to the five known women in the last

Report, also from Africa.

Interpretation services
Twenty-six women who died from maternal causes,

another four who died from Coincidental causes and two

who died some months after childbirth spoke little or no

English. The minority had had access to interpretation ser-

vices, and in other cases family members were used as

interpreters. Several of these were the woman’s own chil-

dren, who may have been the only family members who

could speak English, having learnt it at school.

A lack of suitable interpreters is one of the key findings

running throughout this Report. The use of family mem-

bers, in some cases very young school-age children of both

sexes, or members of their own, usually tight-knit commu-

nity, as interpreters causes concern because:

• the woman may be too shy to seek help for intimate

concerns

• it is not appropriate for a child to translate intimate

details about his or her mother and unfair on both the

woman and child

• it is not clear how much correct information is conveyed

to the woman, as the person who is interpreting does

not have a good grasp of the language, does not under-

stand the specific medical terminology or may withhold

information

• some women arrive in the UK late in their pregnancy,

and the absence of an interpreter means that a compre-

hensive booking history cannot be obtained

• in some cases, the interpreter is a perpetrator of domes-

tic abuse against his partner, so will not enable her to

ask for advice or help

• healthcare staff are unable to pass back their own clinical

concerns in an appropriate manner

As a woman in the recent Department of Health Task

Force Report against domestic and sexual abuse17 stated,

‘even if the perpetrator isn’t with you, he sends one of his

family members with you. And in the name of honour you

can’t ever talk about it. Especially if they say ‘I’m going to

interpret because she can’t speak English’’.’

Socio-economic classification and employment
Since 2001, the National Statistics Socio-Economic Classifi-

cation (NS SEC)18 has been used to classify social class in all

official statistics in the UK. Because women’s occupations

are missing from so many birth registration records, the NS

SEC of the woman’s husband or partner derived from his

occupational code are used in published birth statistics for

England and Wales. Therefore, to calculate maternal mortal-

ity rates by NS SEC, the women’s husbands’ or partners’

occupations, where available, were used, irrespective of

whether the women’s occupations were recorded. As num-

bers were small, the three-class version of NS SEC was used.

Single mothers are identified as having no partner.

Table 1.22 shows that women with husbands or partners

who were unemployed or unclassified, were the most vulner-

able, were nearly six times more likely (P < 0.001) to die

than women with husbands or partners who are employed.

For women with partners in routine or intermediate occupa-

tions compared with women with partners in managerial

and professional groups, the risk is increased two-fold. To

date it is not possible to calculate rates for single mothers

because these data are not routinely collected.

Figure 1.8 shows how this compares with the last two

triennia. It is important to note that data for 2000–02 were

calculated according to the coding systems at the time and

are not directly comparable, but it provides an idea of the

apparently positive general trend.

Area deprivation scores
As with the last Report, maternal deaths that occurred to

residents of England have been analysed using the English

Indices of Multiple Deprivation 2004.19 The results are

shown in Table 1.23 and graphically in Figure 1.9. This

shows that there is evidence of a significant decrease

(P = 0.01) in the rates for the more deprived groups com-

pared with the last Report.

Domestic abuse
During the years 2006–08, 39 (12%) of all the women

known to this Enquiry, and who died of any cause, had

features of domestic abuse. For eight of these women,

murdered by their husband or partner, the abuse was fatal.

Three other women were murdered by non-family mem-

bers. Many of the other women, who died from a range of

other causes, had proactively self-reported domestic abuse

to a healthcare professional either before or during their

pregnancy. Overall, 38% of these mothers were poor

attenders or late bookers for antenatal care, which is an

improvement from the 56% reported in the last Report.
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Mothers who themselves were subject to sexual
abuse in childhood
In a recent report from the Violence against Women and

Children Task Force, 21% of girls under 16 years experience

sexual abuse during childhood.17 It is also estimated that

across the UK there are upwards of five million adult

women who experienced some form of sexual abuse during

childhood.17 While assessing all of the cases available to this

Report, 17 mothers were identified who had declared that

they had been sexually abused by a relative, usually their

father, as a girl. Most of these women had chaotic or vul-

nerable lifestyles, and three were prostitutes. Seven of them

died of Direct and Indirect causes, and the others generally

died from later suicides or overdoses of drugs of addiction.

Child protection issues
Sixty-two of the women whose deaths were reviewed this

triennium were known to social services and/or child pro-

tection services, the vast majority of whom had previous

children in care. Between them, the mothers who died had

70 children in care, in two cases the numbers being seven

siblings or higher. Thirty-four of these women died from

complications related to their pregnancy, that is from

Direct or Indirect conditions.

As shown in Table 1.24, 28% of the women who died

from Direct or Indirect causes and who were known to the

child protection services did not seek care at all, booked

late or failed to maintain regular contact with the mater-

nity services. It could be postulated that such a lack of

Table 1.22. Maternal deaths by National Statistics Socio-Economic Classification (NS SEC); England and Wales: 2006–08

Social class of husband or partner

and partnership status

Direct Indirect Direct and Indirect 95% CI Relative

risk

95% CI Estimated

maternities
n n n % Rate

Managerial and professional 22 13 35 15 6.48 4.65–9.03 1.00 539 900

Intermediate 11 19 30 13 13.56 9.48–19.39 2.09 1.28–3.41 221 300

Routine and manual 17 33 50 22 14.87 11.27–19.62 2.29 1.49–3.53 336 200

All employed 50 65 115 50 10.48 8.73–12.58 1.00 1 097 400

Unemployed, unclassifiable or

not stated

8 24 32 14 60.15 42.54–85.06 5.74 3.88–8.49 53 200

All women with partners 58 89 147 64 12.78 10.87–15.02 1 150 600

Women without partners 35 49 84 36

Employed 13 16 29 13

Unemployed 13 19 32 14

Not known 9 14 23 10

All 93 138 231
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Figure 1.8. Maternal mortality rates by occupational group; UK: 2000–02, England and Wales: 2003–08.
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attendance might be the result of fear that their unborn

child might be removed at birth.

Substance misuse
Fifty-three of all the women whose deaths were assessed

this triennium, including from Coincidental and Late

causes, had problems with substance misuse. Of these, 31

were known drug addicts, 16 were noted to be occasional

users and an additional six women were solely alcohol

dependent. Ten women were both drug and alcohol depen-

dent. As shown in Table 1.25, the majority of these women

found it difficult to maintain contact with maternity ser-

Table 1.23. Direct and Indirect deaths, rates per 100 000 maternities and relative risks by quintile of place of residence of the Index of Multiple

Deprivation 2004; England: 2006–08

Deprivation quintile n Rate 95% CI Relative risk 95% CI Number of maternities

Direct

Least 17 5.48 3.41–8.82 310 003

2 14 4.40 2.60–7.42 0.80 0.40–1.63 318 465

3 15 4.24 2.56–7.03 0.77 0.39–1.55 353 817

4 18 4.26 2.68–6.76 0.78 0.40–1.51 422 393

Most 26 4.82 3.28–7.08 0.88 0.48–1.62 539 121

All Direct 90 4.63 3.77–5.69 1 943 799

Indirect

Least 12 3.87 2.20–6.82 310 003

2 12 3.77 2.14–6.64 0.97 0.44–2.17 318 465

3 24 6.78 4.55–10.12 1.75 0.88–3.50 353 817

4 27 6.39 4.38–9.32 1.65 0.84–3.26 422 393

Most 59 10.94 8.48–14.12 2.83 1.52–5.26 539 121

All Indirect 134 6.89 5.82–8.17 1 943 799

Direct and Indirect

Least 29 9.35 6.50–13.46 310 003

2 26 8.16 5.56–11.99 0.87 0.51–1.48 318 465

3 39 11.02 8.05–15.09 1.18 0.73–1.91 353 817

4 45 10.65 7.95–14.27 1.14 0.71–1.82 422 393

Most 85 15.77 12.75–19.50 1.69 1.11–2.57 539 121

All 224 11.52 10.11–13.14 1 943 799
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Figure 1.9. Direct and Indirect maternal mortality rates and 95% CI by deprivation quintile of place of residence; England: 2003–08.
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vices. However, for those who did, there was increasing evi-

dence of a greater emphasis on planned multidisciplinary

and multi-agency care, and in some cases the care they

received was outstanding. Issues relating to substance mis-

use and pregnancy are discussed in Chapter 11.

Risk factors and barriers to care
Many of the women who died found it difficult to seek, or

to maintain contact with, maternity and/or other health

services. The many possible reasons for this have been dis-

cussed throughout this Chapter, and the main characteris-

tics of the women who found it difficult to attend are

summarised in Table 1.26. As many, if not all, of these risk

factors interplay with each other, it is hoped that a more

robust multivariate analysis will be undertaken in future

reports.

From the findings of this triennial Report there appears

to have been a considerable improvement in women

accessing and staying in touch with maternity services com-

pared with the last Report, where 81% of women who had

declared domestic abuse or who were known to the child

protection or social services were poor attenders, compared

with 32 and 39%, respectively for this Report. Similarly,

78% of known substance abusers did not have appropriate

care in the last Report, compared with 44% for this Report.

Improving access to care for the most disadvantaged or

vulnerable women has long been a recommendation of

these Reports. It is therefore heartening to see this issue

addressed in the latest guideline from the National Institute

for Health and Clinical Excellence on providing models of

maternity service provision for pregnant women with com-

plex social factors.20

Table 1.24. Characteristics of the antenatal care sought by pregnant or recently delivered women who were known to social and/or child

protection services and whose pregnancy exceeded 12 weeks of gestation; UK: 2006–08

Type of death Number of late or

non attenders for antenatal care

Number of deaths known

to social services and/or

child protection services

after 12 or more weeks

of gestation

Percentage

of deaths

Booked after

22 weeks or

missed more than

three visits

No ANC All

Direct 0 0 0 2 0

Indirect 6 3 9 30 30

All 6 3 9 32 28

Coincidental 5 1 6 11 55

Late deaths 5 1 6 15 40

Total 16 5 21 58 36

Table 1.25. Characteristics of the antenatal care sought by pregnant or recently delivered women who were known substance misusers and

whose pregnancy exceeded 12 weeks of gestation; UK: 2006–08

Type of death Number of late or non attenders for antenatal

care

Number of deaths

of substance misusers

after 12 or more weeks of gestation

Percentage

of deaths

Booked after 22 weeks

or missed more

than three visits

No ANC All

Direct 2 1 3 4 75

Indirect 4 3 7 20 35

All 6 4 10 24 42

Coincidental 5 2 7 11 64

Late deaths 5 0 5 13 38

Total 16 6 22 48 46
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What did you learn from this case and how has it
changed your practice?
As part of completing the report forms for this Enquiry, all

healthcare workers are asked to reflect on what went well

and not so well and to describe what they learnt from the

case and if it has changed their practice. Although many

health professionals wrote in humbling terms, others

showed a complete lack of understanding of what had gone

wrong or were complacent in the extreme. This is an

underlying reason why one of the Key Recommendations,

to develop and undertake and act on the results of far

more robust serious incident/serious untoward incident

reviews, is so necessary.

A few healthcare workers blamed themselves when

clearly there was no reason for this, demonstrating the

effects that these generally unexpected and sudden deaths

in young women can have on those who care for them, as

well as on her baby, other children, family and wider com-

munity. It is important that all staff, as well as family

members, who are affected by a maternal death, be offered

support and counselling.

Discussion and conclusions

Compared with the recent Reports, the findings for this

Enquiry show a generally encouraging picture, which con-

tinues to demonstrate the value of this work. The results

show not only welcome reductions in deaths from some

clinical causes, especially thromboembolism, but also a

declining trend in the inequalities gap between well-off and

more deprived women. This public health aspect is one of

the key strengths of this Report. The findings suggest that

many of the previous lessons have been heeded and action

has been taken on their recommendations. Certainly, mid-

wives and other professionals from all around the country

have been actively engaged in many CMACE and other

local training meetings based on the findings and represen-

tative cases contained in the last Report. The Department

of Health in England also built the earlier recommenda-

tions relating to easier access to care for the most vulnera-

ble women, and early booking, into their policy for

maternity services, Maternity Matters.5 Finally, although we

are unable to test this association statistically, it is difficult

to ignore the apparent relationship between the significant

decline in deaths from pulmonary embolism, and to a les-

ser degree, haemorrhage, and the publication and imple-

mentation of guidelines for these which have been

recommended in previous Reports.

There were setbacks, however, particularly in the rise in

deaths from community-acquired infections, although this

has occurred at a time when the background population

mortality rate had also increased. This was before the

H1N1 pandemic. It is hoped that the strengthened recom-

mendations made in this Report for national and local

guidelines for the identification and management of sepsis,

and accompanying health information for mothers and

families, are implemented without delay. A recommenda-

tion for such a national guideline was made in the last

Table 1.26. Characteristics* of the women who were poor or nonattenders for antenatal care** and whose pregnancy was 12 weeks of

gestation or more; all causes; UK: 2006–08

Characteristic* Overall number of

women 12 weeks

gestation or more

Women who were poor or nonattenders at antenatal care

No

care

Poor

care

Total

Number

Overall

percentage

Substance misuse*** 48 6 15 21 44

Known to child protection services 45 4 16 20 44

Single unemployed 44 6 12 18 41

Known to social services 51 4 13 17 33

Domestic abuse 34 3 8 11 32

Partner unemployed 37 1 9 10 27

Most deprived quintile post code 91 9 11 20 22

Black Caribbean 9 2 0 2 22

No English 25 2 2 4 16

White 231 11 22 33 14

Black African 26 1 1 2 8

Partner employed 161 4 2 6 4

*Some women had more than one characteristic.

**Defined as no care at all or missed three or more antenatal visits.

***Including occasional drug use and alcoholism.
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Report and is made again here, as are another two recom-

mendations that have been retained. These relate to the

management of systolic hypertension, the mismanagement

of which again features in this Report, and to improving

the quality of Critical Incident or Sudden Unexpected Inci-

dent reviews. One of the major themes identified by all of

the assessors, whatever the cause of death, was the highly

variable nature of these reports, and urgent action is

required to produce a national minimum standard for such

crucial opportunities for review, self-reflective learning and

personal and institutional change. Attention also needs to

be paid to other areas where there is room for developing

even better maternity services. These include pregnancy

planning, preconception care and improving the care of

vulnerable pregnant women and for those with complex

medical, social or mental health needs.

Overall, however, the findings of this Report are reassur-

ing, as the overall decline in the maternal mortality rate

has taken place against a background of an increasing birth

rate, sometimes stretched maternity services and a generally

older and less healthy population of mothers. Compared

with the general pregnant population, the women who died

tended to be older and more obese, had lifestyles which

put them at risk of poorer health and were more socially

disadvantaged. And, as also shown in the last Report, there

appeared to be a growing proportion of mothers with more

medically complex pregnancies. Other developed countries

are facing similar problems, and in some, for example the

USA, the maternal mortality rate appears to have doubled.2

Maternal deaths are extremely rare in the UK, unlike

many other parts of the world.21,22 Internationally, the

work of this Report continues to be held up as the ‘Gold

Standard’ for maternal death audits and reviews, and its

methodology is much in demand in developing and devel-

oped countries, ranging from the poorest African states to

the USA and Japan. This has been accelerated by a renewed

global emphasis by the United Nations and others on

reducing the 358 000 mainly avoidable maternal deaths,2

four million neonatal deaths23 and over three million still-

births24 each year. These over seven million deaths are lar-

gely the result of preventable or treatable maternal

conditions. This renewed effort is in response to the woeful

lack of progress in relation to the Millennium Development

Goal 5 relating to maternal mortality (MDG 5),25,26 where

countries have pledged to reduce their maternal mortality

rate by 75% by 2015. As a result, many of the resource-

poor countries with very high mortality rates are starting

to assess the numbers and causes of their maternal deaths,

and CMACE and the Saving Mothers’ Lives Director,

authors and assessors are providing help and support. The

results of these reviews are to identify remediable factors

and missed opportunities to form the basis for national or

local guidelines and recommendations for beneficial

changes to the health, maternity and neonatal services over-

all, as well as clinical practice.27,28

There is a danger that the comparatively small numbers of

maternal deaths in the UK will lead to complacency, but

there is always more to be done to improve maternal and

child health. As this Report has shown, new issues continue

to arise, and the next Report for 2009–11 will also cover the

H1N1 pandemic. The fact that a health alert concerning the

prevention and earlier detection of community-acquired

Group A streptococcal sepsis was issued before publication

of the main report shows the importance of this work to the

protection of pregnant or newly delivered mothers and the

wider public health. The significant decline in deaths from

thrombosis highlights the clinical benefits of this Enquiry.

The reduction in inequalities demonstrates that the earlier

recommendations for changes to the way services are deliv-

ered to the more vulnerable and excluded women may have

had an impact. Overall, these results continue to demon-

strate what a force this Enquiry is for the continuing

improvement of maternal and child health.
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Thromboembolism and thromboembolism: specific recommendation

• Obesity remains the most important risk factor for thromboembolism. New guidance on the management of women

with obesity in pregnancy has been published by Centre for Maternal and Child Enquries (CMACE) and the Royal

College of Obstetricians and Gynaecologists (RCOG),1 and weight-specific dosage advice on thromboprophylaxis is

now included in the revised RCOG guideline.2 These should be widely disseminated and implemented.

• Risk assessment in early pregnancy continues to be a key factor in reducing mortality. Obese women with a body

mass index (BMI) of 35 or more are unsuitable for midwife-only care, and should be seen in pregnancy by a consul-

tant obstetrician.

• Women are at risk of thromboembolism from the very beginning of pregnancy until the end of the puerperium, and all

health professionals must be aware of this. Early pregnancy units and gynaecology wards must carry out risk assessment

appropriate for pregnant women.

• Vulnerable women, such as those with mental illness or learning disability, may not be able to follow advice or self-

administer injections, and so require particular care.

• Chest symptoms appearing for the first time in pregnancy or the puerperium in at-risk women need careful assessment, and

there should be a low threshold for investigation.

Summary of key findings for 2006–08

The deaths of 18 women who died from thrombosis and/or

thromboembolism are counted in this chapter. This gives a

maternal mortality rate of 0.79 per 100 000 maternities

(95% CI 0.49–1.25). Sixteen of the 18 deaths were attrib-

uted to pulmonary embolism and two to cerebral vein

thrombosis. Additionally, four Late deaths attributed to pul-

monary embolism are counted in Chapter 12, but the les-

sons to be learnt from these cases are discussed here.

These 18 deaths represent a sharp, and statistically signif-

icant, fall from 41 deaths in 2003–05 and, as shown in

Table 2.1 and Figure 2.1, this total is by far the lowest since

the UK-wide Enquiry began in 1985. The fall in deaths

from pulmonary embolism, from 33 to 16, was mainly the

result of a reduction in antenatal deaths and deaths follow-

ing vaginal delivery. Deaths after caesarean section also fell

slightly. This is the first full triennium following publica-

tion of the 2004 RCOG guideline Thromboprophylaxis dur-

ing pregnancy, labour and after normal vaginal delivery.3 It

seems likely that the unprecedented fall in deaths is the

result of better recognition of at-risk women and more

widespread thromboprophylaxis.

Nevertheless, risk factors for thromboembolism were

present in 16 of the 18 women who died in 2006–08. Obes-

ity remains the most important of these. Fourteen women

were overweight (BMI ‡ 25 kg/m2), of whom 11 had a

BMI ‡ 30, including three who had a BMI ‡ 40. All the

deaths occurred before the publication in 2009 of the

updated guideline2, which now includes more extensive

weight-specific dosage advice on thromboprophylaxis.

Substandard care was present in 56% of women. This took

the form of inadequate risk assessment, inadequate throm-

boprophylaxis (by the standards at the time), failure to

investigate chest symptoms in at-risk women, and failure to

ensure multidisciplinary care involving a consultant obstetri-

cian or a psychiatrist for women who also had a pre-existing

medical or mental health illness that affected their treatment.

For the first time since the UK-wide Enquiry began in

1985, thromboembolism is no longer the leading cause of
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Direct death. Nonetheless, there is ample scope for a fur-

ther reduction in deaths by careful adherence to the new

guidelines and prompt investigation of new chest symp-

toms in at-risk women.

Cases counted in other Chapters
Apart from the four Late deaths counted in Chapter 12,

pulmonary embolism also contributed to two deaths from

other causes, which are counted and discussed elsewhere.

One, in a woman who died of tuberculosis that had not

been identified although she was at high risk and had all

the symptoms, is counted and discussed in Chapter 10,

Indirect deaths. Another woman, whose death from sepsis

is counted in Chapter 7, also had a pulmonary embolism,

although it was not the underlying cause of death.

Maternal morbidity from antenatal pulmonary
embolism
Significant morbidity from pulmonary embolism underlies

the deaths reported in this chapter. A prospective national

case–control study of antenatal pulmonary embolism

undertaken through the UK Obstetric Surveillance System

(UKOSS) between February 2005 and August 2006

reported an incidence of 12.6 cases per 100 000 maternities

(95% CI 10.6–14.9 per 100 000 maternities).4 Of the

women who had an antenatal pulmonary embolism, 3.5%

died, which is similar to the findings for this Report. Nota-

bly, only 70% of women had an identifiable risk factor for

thromboembolic disease and only 18% had two or more

identifiable risk factors; the main risk factors identified

were multiparity (adjusted Odds Ratio [aOR] 4.03, 95% CI

1.60–9.84) and BMI ‡ 30 kg/m2 (aOR 2.65, 95% CI 1.09–

6.45). The United Kingdom Obstetric Surveillance System,

UKOSS, is described in detail in the Introduction Chapter

of this Report.

Pulmonary embolism

As shown in Table 2.2, of the 16 deaths from pulmonary

embolism, three occurred during the first trimester of preg-

Table 2.1. Direct deaths from thrombosis and thromboembolism and rates per 100 000 maternities; UK: 1985–2008

Pulmonary embolism Cerebral vein thrombosis Thrombosis and thromboembolism

n Rate 95% CI n Rate 95% CI n Rate 95% CI

1985–87 30 1.32 0.83–1.89 2 0.09 0.02–0.32 32 1.41 1.00–1.99

1988–90 24 1.02 0.68–1.51 9 0.38 0.20–0.72 33 1.40 1.00–1.96

1991–93 30 1.30 0.91–1.85 5 0.22 0.09–0.51 35 1.51 1.09–2.10

1994–96 46 2.09 1.57–2.79 2 0.09 0.02–0.33 48 2.18 1.65–2.90

1997–99 31 1.46 1.03–2.07 4 0.19 0.07–0.48 35 1.65 1.19–2.29

2000–02 25 1.25 0.85–1.85 5 0.25 0.11–0.59 30 1.50 1.05–2.14

2003–05 33 1.56 1.11–2.19 8 0.38 0.19–0.75 41 1.94 1.43–2.63

2006–08 16 0.70 0.43–1.14 2 0.09 0.02–0.35 18 0.79 0.49–1.25
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Figure 2.1. Rates per 100 000 maternities of Direct deaths from thrombosis and thromboembolism; UK: 1985–2008.
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nancy. There were also two deaths that occurred after mis-

carriage. There were three deaths in the third trimester, all

of which involved perimortem caesarean section. There

were no deaths after ectopic pregnancy and no deaths dur-

ing labour. There were eight postpartum deaths, two after

vaginal delivery and six after caesarean section.

The women who died
Risk factors for thromboembolism were identifiable in 14

of the 16 women, 12 of whom were overweight or obese.

Five women had learning disabilities or psychiatric prob-

lems, which led to lack of compliance or poor attendance

for care. Five of the six women from minority ethnic

groups were of Black African or Caribbean origin, of whom

two did not speak English. Three women had excessive

vomiting in pregnancy, and two died after prolonged

immobility. The updated RCOG guideline2 lists hypereme-

sis as a risk factor for thrombosis.

Well-known risk factors such as a past history, or fam-

ily history, of thromboembolism were conspicuous by

their absence. There were no women in whom assisted

conception was a causative factor in this triennium, and

no woman died after long-distance travel. All of these

have been identified as risk factors in previous Reports:

their absence in 2006–08 does not mean that they are no

longer important, but does suggest that at-risk women

may now be being identified and offered appropriate

advice.

Seven of the 16 women reported chest symptoms to a

doctor or midwife in the weeks before they died. These

symptoms were variously recorded as cough, chest pain or

breathlessness, and clinical examination was negative in all

women. Chest symptoms are often vague and non-specific,

but when new symptoms are reported in pregnancy or the

puerperium there should be a low threshold for investiga-

tion, particularly when other risk factors such as obesity

are present.

Risk factors

Weight
The National Institute for Health and Clinical Excellence

(NICE) guideline on antenatal care recommends that every

woman should have her BMI checked at the first antenatal

visit and that those women with a BMI ‡ 35 are not suit-

able for routine midwife-led care.5 This recommendation

has generally been followed. For the first time since 1985

there are no cases counted in this Chapter in which the

woman’s BMI was unknown, although for some women

there was doubt about whether it had been calculated cor-

rectly. Care is required with this calculation to ensure that

the woman’s risk is accurately assessed. Appropriate referral

was made in almost all cases, though not all women

attended their referral appointment.

Nevertheless weight remains the most important risk fac-

tor identified in these deaths. Of the 16 women who died,

three were overweight with a BMI ‡ 25 and nine were clas-

sified as obese with a BMI ‡ 30, including one who had a

BMI > 40. Also, two of the women who suffered a Late

Direct death, and the two women who died of cerebral vein

thrombosis had a BMI ‡ 35. Overall, three women with a

BMI ‡ 40 died; this is less than the total of six in the last

Report, but could be reduced further.

After the end of the 2006–08 triennium, two new guide-

lines were published, one on the management of women

with obesity in pregnancy1 and the other a revised guide-

line on thromboprophylaxis in pregnancy and the puerpe-

rium.2 Previous Reports had called for such guidance and

for weight-specific dosage advice regarding thrombopro-

phylaxis, and this is now available. Most of the obese

Table 2.2. Timing of deaths from pulmonary embolism; UK: 1985–2008.

Deaths after

miscarriage/ectopic

Antepartum

deaths

Antepartum

collapse followed

by perimortem

caesarean section

Deaths in

labour

Deaths

after

caesarean

section**

Deaths

after

vaginal

delivery

Not

known

Total

Direct

deaths

Late

deaths

1985–87 1 16 0 0 7 6 0 30 *

1988–90 3 10 0 0 8 3 0 24 4

1991–93 0 12 0 1 13 4 0 30 5

1994–96 3 15 0 0 15 10 3 46 2

1997–99 1 13 3 0 4 10 0 31 9

2000–02 3 4 1 1 9 7 0 25 1

2003–05 3 11 4 0 7 8 0 33 3

2006–08 2 3 3 0 6 2 0 16 4

*Most Late deaths were not reported to the Enquiry in this triennium.

**Excluding perimortem caesarean section.
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women who died in 2006–08 had received thromboprophy-

laxis, but not always in accordance with the then-current

guidelines. This was also reflected in the UKOSS study of

antenatal pulmonary embolism.4 The new guidance should

further reduce deaths.

Age
The ages of the women ranged between 20 and 39 years

with a mean of 30 years. Three of the six women who died

after caesarean section were aged under 25. The age distri-

bution of deaths from pulmonary embolism in the UK

from 1985 to 2008 is shown in Table 2.3. Before 1991 the

risk increased sharply after the age of 40 but this increase

was no longer seen from 1997. The change may be the

result of better recognition of at-risk women and appropri-

ate thromboprophylaxis. In other age groups, there is a

small but consistent increase in risk with increasing age.

Ethnicity
Six of the 16 women were from minority ethnic groups,

five being Black African or Caribbean. Three of the five

antenatal deaths were in Black African or Caribbean

women, all of whom died in the first trimester. All four

Late Direct deaths were in Caucasian women.

Family history
None of the 16 women had a clear family history of

thromboembolism. This does not mean that family history

is no longer a risk factor, but it suggests that this risk fac-

tor is being recognised and women are being offered

thromboprophylaxis. A family history was present in one

of the Late deaths.

Previous history
None of the women who died had a previous history

of thromboembolism. This risk factor has also been high-

lighted in previous reports and its absence from the cases

in this triennium again suggests that appropriate thrombopro-

phylaxis is being offered to women with a previous history.

Immobility
One woman had been admitted to hospital with hypereme-

sis gravidarum and died despite receiving appropriate

thromboprophylaxis. Another was hospitalised and was vir-

tually immobilised from a significant illness and did not

receive thromboprophylaxis. Both the updated RCOG

Green Top guideline2 and the NICE guideline for thrombo-

prophylaxis for women admitted to hospital6 stress the

importance of immobility as a risk factor.

Psychiatric illness and learning disability
Five women had learning disabilities or a history of psychi-

atric disorder, which then recurred, and four of them

received substandard care. It is clear that the services link-

ing maternity and psychiatric services may not be well

planned in some areas. Two of the Late deaths were in

women who had psychiatric disorders. The cases are also

discussed in Chapter 11: Psychiatric causes of death, which

draws attention to the fact that antipsychotic medication

may be associated with weight gain, which may put the

woman at increased risk of thromboembolism.

Gynaecological conditions
Two women had uterine fibroids that were known about

before pregnancy, one of whom underwent laparotomy for

Table 2.3. Numbers of deaths attributed to pulmonary embolism and rates per 100 000 maternities by age; UK: 1985–2008.

Under 25 years 25–29 years 30–34 years 35–39 years 40 years and over Total

n n n n n n

1985–90 3 19 12 13 7 54

1997–99 5 6 11 8 1 31

2000–02 3 8 7 6 1 25

2003–05 9 8 10 5 1 33

2006–08 3 5 4 4 0 16

1997–2008 20 27 32 23 3 105

Overall mortality rates*

Rate 95% CI Rate 95% CI Rate 95% CI Rate 95% CI Rate 95% CI Total rate

1985–90 0.18 0.06–0.55 1.17 0.75–1.84 1.28 0.73–2.25 4.07 2.36–7.01 12.02 5.73–25.22 1.17

1997–08 0.91 0.59–1.41 1.16 0.80–1.69 1.29 0.91–1.82 1.82 1.21–2.74 1.21 0.39–3.74 1.23

Difference 0.73 0.28–1.18 )0.01 )0.70–0.67 0.01 )0.84–0.86 )2.25 )4.58–0.09 )10.82 )19.83 to )1.81 0.06

*Detailed analyses by age were not published for 1991–93 or 1994–96.
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malignant disease during pregnancy. Assisted conception

was not relevant to any of the deaths in this triennium,

though one woman who died during pregnancy had con-

ceived after intrauterine insemination.

Chest symptoms
Seven of the 16 women reported chest symptoms to a doc-

tor or midwife in the weeks before they died. Two of the

three women who were Late deaths had also reported chest

symptoms.

Antepartum deaths
Of the six women who had a pulmonary embolism in their

antenatal period, three died in the first trimester (up to

and including 12 weeks of gestation) and three died after

perimortem caesarean section in the third trimester. Only

one of these six women collapsed without prior warning;

the other five complained of respiratory symptoms, one to

the Emergency Department and four to their GPs. Two of

the three women who died in the first trimester were obese,

and all three were Black African or Caribbean.

The learning points from these deaths can be summar-

ised as:

1 Booking, with its formal risk assessment, often takes

place late in the first trimester. Before that time,

women are vulnerable.

2 Dehydration is associated with increased risk of embo-

lism, and hydration levels of women who are complain-

ing of vomiting should be assessed.

3 Chest symptoms arising for the first time in pregnancy

in an at-risk woman require investigation.

4 There is still insufficient awareness that women, partic-

ularly obese women, are at risk from thromboembolism

in early pregnancy.

5 The obstetric team should see pregnant women with

chest pain. In some cases women were referred for

assessment to the medical team, who were unaware of,

or underestimated, the risks of embolism in pregnancy.

6 Tachycardia is a critically important finding when a preg-

nant woman presents with a new symptom of breathless-

ness, though it is not diagnostic of pulmonary embolism

(and nor does its absence rule out the diagnosis).

7 Gynaecological wards should have a risk assessment

form specifically for women in early pregnancy, and it

must be completed.

The following is a typical example:

An obese woman with a history of chest pains before preg-

nancy saw her GP early in her pregnancy and thereafter

had contact on several occasions by phone and in person,

complaining about chest pain or shortness of breath. She

also developed hyperemesis and was eventually admitted to

hospital where tachycardia was noted. Investigation for

thromboembolism was commenced, but she collapsed and

died before treatment was initiated.

When reviewing these cases the assessors took into

account how difficult it is to decide whether common

symptoms are trivial or important. For example:

An obese mother consulted her GP in the third trimester

with shortness of breath. No abnormality was found on

clinical examination, and she was treated with an inhaler.

Shortly afterwards she collapsed and died.

The assessors felt that care was not substandard for this

woman, but the practice itself held a rigorous enquiry and

identified several areas for possible improvement. Top of

their list was the need to document the pulse rate. This

local enquiry is an example of good practice, which should

be more widely followed.

Deaths after miscarriage or termination of preg-
nancy
Two women died after miscarriage, the underlying cause of

which, in one woman, should have meant that thrombo-

prophylaxis should have been considered.

Intrapartum deaths
There were no intrapartum deaths in this triennium.

Deaths after vaginal delivery
Two women died after vaginal delivery, both after the third

week of their puerperium, and there were also two Late

deaths. Three of these four women had mental health

problems and found it difficult to stay in touch with both

the maternity and psychiatric services, although they were

available to them. In two women care was substandard. All

the cases demonstrate that there may be a long interval

between delivery and death. The major lessons to be learnt

from this group of deaths are as follows.

1 Action should be taken when an obese woman reports

the new onset of breathlessness.

2 Hospital guidelines on thromboprophylaxis should give

specific advice about obese women. The updated

RCOG guideline2 and the CMACE/RCOG obesity

guideline1 both recommend that women with a BMI ‡
40 should be considered for postnatal thromboprophy-

laxis with low-molecular-weight heparin (LMWH)

regardless of the mode of delivery or the presence of

other risk factors.

3 Psychiatric involvement is required when a woman has

a history of previous postnatal mental health problems

and there is renewed concern about her mental health.

The following is a typical example:

A morbidly obese woman with a probable learning disabil-

ity was a poor attender for antenatal care. Some weeks after
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delivery she became breathless and called her midwife, who

advised her to see her GP or go to the Emergency Depart-

ment if her breathlessness did not improve. She did not do

so and a few days later she collapsed and died.

In contrast to the general practice enquiry mentioned

above, the assessors noted that hospital internal enquiries

often focus only on acts or omissions by their own staff

and make no recommendations about how to help vulnera-

ble women. The assessors are concerned that hospital Seri-

ous Untoward Incident (SUI) reports they reviewed varied

greatly in quality. A national audit of such serious incident

reports is recommended.

Deaths after caesarean section
Six women died after caesarean section; the three women

whose antepartum collapse was followed by perimortem

caesarean section have been considered separately. They all

died between 2 and 6 weeks after delivery. In addition, two

women died more than 42 days after caesarean section and

are classified as Late deaths.

Four of the six women were obese (BMI ‡ 30), including

one who had a BMI ‡ 40. Five of the six received LMWH;

the remaining woman refused LMWH because of needle

phobia. One woman had an underlying medical disease,

which was the indication for caesarean section, but she

died from pulmonary embolism. In one case it was unclear

whether an obese woman had symptoms before collapsing

in the late puerperium. Care was judged to be substandard

for four women.

The lessons to be learned from these cases are:

1 Women at risk of thromboembolism should be encour-

aged to report new chest symptoms after delivery.

2 Investigation is required when a woman with risk fac-

tors has new chest symptoms.

3 Miscalculation of the BMI at home booking can have

serious consequences. It can lead to an inappropriate

lack of obstetric input into antenatal care, misclassifica-

tion of the woman as being at moderate rather than

high risk of pulmonary embolism and inadequate

thromboprophylaxis.

The following is a typical example:

An obese woman was booked for midwife-led care and

referred to a consultant obstetrician after term. Labour was

induced, but caesarean section was required for fetal dis-

tress. Thromboprophylaxis consisted of Flowtron boots and

anti-embolism stockings: LMWH was started 7 hours after

delivery and continued for 4 days. Five weeks after delivery

she saw her GP with ‘chest infection and pain’ and was

given antibiotics. She died a few days later. According to

the autopsy, pulmonary embolism had been present for sev-

eral days before death.

The updated RCOG guidance2 recommends postnatal

thromboprophylaxis with LMWH to be continued for

1 week and longer if there are ongoing risk factors. The use

of properly applied graduated compression stockings of

appropriate strength is recommended in pregnancy and the

puerperium for those who are hospitalised after caesarean

section (combined with LMWH) and considered to be at

particularly high risk for venous thromboembolism [VTE]

(such as previous venous thromboembolism or more than

three risk factors).

Late deaths
Four Late Direct deaths related directly to pulmonary

embolism are counted in Chapter 12. Three occurred

7 weeks after delivery and one much later in her postnatal

year. All the women were Caucasian; two had vaginal deliv-

eries and two were delivered by caesarean section. Two

women had normal body weight and no risk factors except

that one had a psychiatric disorder. Both these women

received good care including appropriate referral and

thromboprophylaxis. Both the other two women were

obese and received substandard care.

An older woman with a psychiatric disorder and social

problems had a family history of thromboembolism. After

delivery she was discharged home on ‘self-administered

Clexane’, but lacked the skills to give herself these injections.

Four weeks after delivery she attended the Emergency

Department with calf pain and breathlessness. She was

given an injection of LMWH and asked to come back next

day. Two weeks later she returned with a history of pleuritic

pain, developed severe breathlessness and died.

The treatment given took no account of her background,

risk factors and high likelihood of not returning when

asked. The RCOG guideline on acute management of

thromboembolic disease in pregnancy and the puerperium

recommends that any woman with signs and symptoms

suggestive of VTE should have objective testing performed

expeditiously and treatment with LMWH until the diagno-

sis is excluded. The therapeutic dose of LMWH should be

weight-related7 as shown in Table 2.4.

Cerebral vein thrombosis

There were two deaths from likely cerebral vein thrombo-

sis, though the diagnosis was not straightforward in either

woman. Both women were morbidly obese and both pre-

sented with headache and neurological symptoms after

delivery at term. They also both had previous medical com-

plications that could have caused dehydration.

A woman who may have had a co-existent encephalopathy

developed vomiting and dizziness near term, which persisted
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after delivery. She then developed a headache and subse-

quently was unable to walk but, as no medical cause for

her symptoms was found, she was transferred to psychiatric

care. When her consciousness level deteriorated she was

reviewed by a neurologist; a computed tomography scan

suggested internal cerebral vein thrombosis. The post-mor-

tem report gave the cause of death as bronchopneumonia in

association with encephalopathy.

Vomiting in the third trimester is not normal and

should be investigated thoroughly. It is also important to

ensure review by senior doctors with experience of manag-

ing complex disorders in pregnancy. Women with pro-

tracted vomiting should be given thiamine because of the

recognised risk of Wernicke’s encephalopathy.

In the other woman, although her BMI was >50, there

were no other risk factors and, at the time, morbid obesity

was not by itself an indication for thromboprophylaxis with

LMWH.

The previous Report commented that risk factors for

cerebral vein thrombosis appeared to be the same as for

pulmonary thrombosis, and expressed the hope that

‘increasing application of thromboprophylaxis among at-

risk women will reduce deaths from both forms of throm-

boembolism’.8 The total of two deaths in the present

Report, compared with eight in 2003–05, gives cause for

optimism that this is happening and that deaths from cere-

bral vein thrombosis may be further reduced by the

recently published guidelines.1,2

Substandard care overall

Care was judged to be substandard in ten of the 18 cases of

thromboembolism (56%). In seven women there was inade-

quate thromboprophylaxis according to the standards at the

time, and in six there was a failure to investigate chest

symptoms in at-risk women, even, in some instances, after

repeated presentation. Five cases involved a failure of appro-

priate referral to a consultant obstetrician or psychiatrist.

Compared with the previous report, however, there were

few instances of unnecessary delay in treatment and few

cases in which known risks were ignored.

Care was judged on the standards applicable at the

time, and one reason for the large number of women

receiving inadequate thromboprophylaxis may have been a

lack of clarity in the existing guidelines. It is to be hoped

that the revised guidelines will remedy this, and that

clearer advice will result in more appropriate thrombopro-

phylaxis.

Women with chest symptoms are likely to report these

to GPs or hospital Emergency Departments, and every

effort must be made to alert these groups of doctors to the

significance of such symptoms in pregnant women with

other risk factors. ‘An accurate diagnosis of PE and timely

intervention are crucial.’9

Concern has been expressed about the variable quality of

hospital critical incident or SUI reports, and the comments

of the last Report are worth repeating here. ‘With the

introduction of clinical governance and critical incident

reporting in hospitals, it might be expected that the identi-

fication of substandard care by national reports like this

one would become less necessary. To date, this is not the

case. Although we have evidence that in many cases local

clinicians have reflected with insight on the cases in this

chapter, we have also noted in a few cases that lessons

which seem obvious to national assessors have not been

learned at local level’.8 This chapter has highlighted an

example of good practice, but there are others in which

much effort has been expended on serious incident/SUI

reports to little obvious effect. A national audit of this pro-

cess may provide useful guidance.

Table 2.4. Suggested thromboprophylactic doses for antenatal and postnatal low-molecular-weight heparin taken from RCOG Guideline

Reducing the risk of thrombosis and embolism during pregnancy and the puerperium Guideline no.37.2

Weight (kg) Enoxaparin Dalteparin Tinzaparin (75 units/kg/day)

<50 20 mg daily 2500 units daily 3500 units daily

50–90 40 mg daily 5000 units daily 4500 units daily

91–130 60 mg daily* 7500 units daily* 7000 units daily*

131–170 80 mg daily* 10 000 units daily* 9000 units daily*

>170 0.6 mg/kg/day* 75 units/kg/day* 75 units/kg/day*

High prophylactic (intermediate)

dose for women weighing

50–90 kg

40 mg 12-hourly 5000 units 12-hourly 4500 units 12-hourly

Treatment dose 1 mg/kg 12 hourly antenatal;

1.5 mg/kg/day postnatal

100 units/kg 12 hourly antenatal;

200 units/kg/day postnatal

175 units/kg/day antenatal and postnatal

*May be given as two divided doses.
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Pathological overview

Fourteen autopsy reports giving the cause of death as pul-

monary embolus were examined and considered in this sec-

tion: five were excellent, three were adequate and six were

poor. Four of the 14 are considered in other chapters,

because the death was primarily the result of another co-

morbidity; for example sepsis, tumour bulk and Late Coin-

cidental causes. Associated predisposing causes were also

often present in those classified as Direct deaths from

embolus. Significant obesity with a BMI of ‡35 was present

in five women, and one of these also had a family history

of thrombophilia from Protein S deficiency. In one woman

there was preceding significant, though not otherwise life-

threatening, inflammation of the genital tract. These raise

the question of where the dividing line between Direct,

Indirect and Coincidental should be drawn for this group

and whether all pulmonary embolic deaths should be

reclassified as Indirect.

The leg and pelvic veins were not examined/mentioned

in any of the six poor reports. One of these was a Late

Coincidental death of a woman on antipsychotic drugs.

These have been associated with deep vein thrombosis.

Given that there is a greater propensity for pregnancy to

be associated with pelvic vein than deep leg vein throm-

bosis, the site and location of the emboli is useful infor-

mation to be derived from the autopsy if not otherwise

known and in this case may have suggested reclassification

to being from Late Direct causes. In three women, there

was retrospectively a clear preceding clinical history of

dyspnoea, but in only one of these was there any attempt

to search for previous embolic episodes; in the other two

there was not even any histology taken. This is particu-

larly surprising in one woman, who had an enlarged and

dilated right heart, but the cause was not investigated.

Such examples contrast starkly with, for instance, some

deaths in the first trimester. In one, breathlessness had been

attributed to asthma. As well as identifying the pulmonary

emboli, histology confirmed that several were organised

and quite possibly preceded pregnancy and, furthermore,

that the features of asthma were not present. In another,

emboli complicated dehydration caused by hyperemesis:

the mammillary bodies were macroscopically and micro-

scopically normal.

Thromboembolism pathology: good
practice points

• Examine and describe the pelvic and deep leg veins.

• Identify contributory co-morbid factors.

• Correlate the findings and histology with the clinical

history.

Conclusions

For many years these Reports have been suggesting that

most deaths from thromboembolism are preventable. There

is now evidence to support this. The 1995 RCOG guideline

on thromboprophylaxis after caesarean section10 was fol-

lowed by a sharp fall in deaths in this category, and now

the 2004 RCOG guideline3 has been followed by a sharp

fall in antenatal deaths and deaths following vaginal deliv-

ery, and, perhaps unexpectedly, in deaths from cerebral

vein thrombosis. The detailed advice in the 2009 revised

guideline2 should produce further improvement.

Guidelines, however, are effective only when there is a

widespread awareness of the risks and of the need to apply

the advice. The cases reported here demonstrate that most

deaths from thromboembolism occur in women with

known risk factors. This re-emphasises the need for careful

risk assessment as early as possible in pregnancy and

continuing reassessment of risk during and after pregnancy.

When an at-risk woman is identified, it is not enough

merely to give advice or make a referral. Some continuity

is needed to check that she has been able to follow the

advice or attend the appointment.

Symptoms must be interpreted in the light of the

woman’s background risk factors. This ought to be a state-

ment of the obvious, but several cases show that this does

not always happen. A distressing feature of this chapter is

the over-representation of vulnerable women. The many

pressures on the maternity services are no excuse for pro-

viding substandard service to women who require care in

the true sense of the word.
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Pre-eclampsia and eclampsia: specific recommendations

• Pregnant women with a headache of sufficient severity to seek medical advice, or with new epigastric pain, should

have their blood pressure measured and urine tested for protein, as a minimum. Epigastric pain in the second half of

pregnancy should be considered to be the result of pre-eclampsia until proven otherwise.

• Any discussion between clinical staff about a woman with pre-eclampsia should include explicit mention of the systolic

pressure.

• Severe, life-threatening, hypertension must be treated effectively. Management protocols should recognise the need to

avoid very high systolic blood pressures which are associated with an increased risk of intracerebral haemorrhage.

• Systolic blood pressures of 150 mmHg, or above, require effective antihypertensive treatment. If the systolic pressure is

very high, >180 mmHg, this is a medical emergency that requires urgent as well as effective antihypertensive treatment.

• Intramuscular oxytocin, not Syntometrine, should be the routine drug for active management of the third stage of

labour.

• Women with severe pre-eclampsia need effective team care, based on clear communication and common under-

standing. There should be early engagement of intensive care specialists where appropriate. Efforts must be made to

re-engage and re-skill GPs who see women with complications during pregnancy. Women who elect to pay for pri-

vate obstetric care are entitled to as good a standard of care as they would receive in the NHS.

Pre-eclampsia/eclampsia: learning
points

Eclampsia is important because it is a marker for severe

disease, but seizures also carry additional intrinsic risks.

Some automated blood pressure monitoring systems sys-

tematically underestimate systolic pressure in pre-eclampsia.

Summary of findings for 2006–08

Overall, the deaths of 22 women are counted and discussed

in this Chapter. Nineteen were the result of eclampsia or

pre-eclampsia and three were the result of acute fatty liver

of pregnancy (AFLP), the values are shown in Table 3.1.

In terms of deaths from eclampsia or pre-eclampsia the

mortality rate for this triennium was 0.83 per 100 000

maternities (95% CI 0.53–1.30) compared with 0.66 (0.39–

1.12) in the last Report.

The three deaths from AFLP are included in this Chapter

on the basis that this may be part of a spectrum of condi-

tions related to pre-eclampsia.1 In one of these AFLP was

an unexpected histopathological finding at autopsy in a

woman with the clinical syndrome of pre-eclampsia and

who died because of massive intra-abdominal haemorrhage.

There was only one such case in the last Report.

Fourteen of the 22 women died from cerebral causes;

nine from intracranial haemorrhage and five from anoxia

following cardiac arrest in association with eclamptic sei-

zures. Of the other causes of death, three women died from

liver complications (two from necrosis and one from sub-

capsular haemorrhage), two died from multi-organ failure

in intensive care units, two from complications of AFLP

and one from intra-abdominal haemorrhage of uncertain
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source. There were no deaths from simple fluid overload.

The causes of death are compared with values from recent

triennia in Table 3.1.

Severe maternal morbidity
A national study of eclampsia conducted through the UK

Obstetric Surveillance System (UKOSS) (The United King-

dom Obstetric Surveillance System (UKOSS) is described in

more detail in the Introduction Chapter of this Report.)

between February 2005 and February 2006 identified 214

cases,2 giving an estimated incidence of 27.5 cases per

100 000 maternities (95% CI 23.9–31.4 per 100 000 materni-

ties). This is almost a halving of the incidence of eclampsia

since 1992.3 The decrease in incidence has occurred almost

entirely in the group of women with diagnosed pre-eclamp-

sia. No women died in the UKOSS study, but eclampsia was

associated with significant additional maternal morbidity,

including cerebrovascular events, in five women (2.3%).

Combining the UKOSS data and the data from this Report,

the case fatality rate from eclampsia is estimated to be 3.1%.

Acute fatty liver of pregnancy
Surveillance of AFLP through UKOSS between February

2005 and August 2006 identified 57 women with AFLP in

an estimated 1 132 964 maternities;1 an estimated incidence

of 5.0 cases per 100 000 maternities (95% CI 3.8–6.5 per

100 000 maternities). Only one of these women died (case

fatality rate 1.8%, 95% CI 0–9.4%), but 60% were admitted

to a Critical Care unit. Eighteen percent of the women with

AFLP had twin pregnancies.

The women who died

Pre-eclampsia/eclampsia
The ages of the women who died from pre-eclampsia/

eclampsia ranged between 19 and 39 years with a median

age of 31 years. Their gestations ranged from 21 to

41 weeks. It is sometimes said that pre-eclampsia at term is

a benign condition. This is not necessarily so. Early-onset

pre-eclampsia is, overall, a more aggressive condition than

late-onset disease, but fulminating, ultimately fatal, pre-

eclampsia also occurs at term. Four of the women were at,

or after, 40 weeks of gestation.

Parity ranged from 0 to 9; thirteen women were primigr-

avid. Four women had twin pregnancies. Seven women had

eclamptic fits. There was evidence of HELLP (haemolysis,

elevated liver enzymes and low platelet count) syndrome in

eight women. The body mass index (BMI) ranged between

20 and 43 with a median of 24. Most women were not

obese, but five had BMIs ‡30, including one BMI ‡40. Ten

of the women who died from pre-eclampsia/eclampsia were

white, and, of the remaining nine, six were Black Africans.

Black African women seem particularly susceptible to

aggressive forms of pre-eclampsia. To establish if this is

Table 3.1. Numbers and underlying cause of death due to eclampsia and pre-eclampsia, UK: 1991–2008

Cause of death 1997–99 2000–02 2003–05 2006–08

n Rate 95% CI n Rate 95% CI n Rate 95% CI n Rate 95% CI

Cerebral

Intracranial haemorrhage 7 0.33 0.16–0.69 9 0.45 0.23–0.87 9 0.43 0.22–0.82 9 0.39 0.20–0.75

Subarachnoid 0 0.00 0 0.00 0 0.00 0 0.00

Infarct 0 0.00 0 0.00 1 0.05 0.01–0.34 0 0.00

Oedema 0 0.00 0 0.00 0 0.00 0 0.00

Eclampsia 0 0.00 0 0.00 0 0.00 5 0.22 0.09–0.52

Subtotal 7 0.33 0.16–0.69 9 0.45 0.23–0.87 10 0.47 0.25–0.88 14 0.61 0.36–1.03

Pulmonary

Adult respiratory distress syndrome 2 0.09 0.02–0.38 1 0.05 0.01–0.36 0 0.00 0 0.00

Oedema 0 0.00 0 0.00 0 0.00 0 0.00

Subtotal 2 0.09 0.02–0.38 1 0.05 0.01–0.36 0 0.00 0 0.00

Hepatic

Rupture 2 0.09 0.02–0.38 0 0.00 0 0.00 1 0.04 0.01–0.31

Failure/necrosis 0 0.00 0 0.00 1 0.05 0.01–0.34 2 0.09 0.02–0.35

Other 5 0.24 0.10–0.57 4 0.20 0.08–0.53 3 0.14 0.05–0.44 2 0.09 0.02–0.35

Subtotal 7 0.33 0.16–0.69 4 0.20 0.08–0.53 4 0.19 0.07–0.50 5 0.22 0.09–0.52

Overall total 16 0.75 0.46–1.23 14 0.70 0.42–1.18 14 0.66 0.39–1.12 19 0.83 0.53–1.30

Acute fatty liver of pregnancy 4 0.19 0.07–0.50 3 0.15 0.05–0.47 1* 0.05 0.01–0.34 3* 0.13 0.04–0.41

*As a result of the very small numbers these cases are counted in this Chapter 3. Before 2003 they were counted in the now nonexistent chapter

‘Deaths from other Direct causes.’
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true, and what might be the underlying genetic or

other pathophysiological mechanisms, further research is

required.

Acute fatty liver of pregnancy
The ages of the women who died from AFLP ranged

between 23 and 39 years with a median of 33 years. One

had a BMI >40. None were from minority ethnic groups.

Substandard care
Disappointingly, 20 of the 22 cases demonstrated substan-

dard care; in 14 cases this was classed as ‘major’, and there

were, undoubtedly, avoidable deaths. Deaths from intracra-

nial haemorrhage, the single largest cause of death, indicate

a failure of effective antihypertensive therapy. Ensuring

effective antihypertensive therapy is the priority for

improving clinical care for these women. This has been em-

phasised in recent Reports and is yet again one of the ‘Top

ten’ recommendations in this Report.

Substandard care occurred both in hospitals and in the

community. There were four women in whom GPs made

errors. These were mainly around failure to refer appropri-

ately to specialist services, often because of a failure to

appreciate the significance of symptoms or signs of pre-

eclampsia. In one woman, a GP started outpatient antihy-

pertensive drug treatment in a woman with pre-eclampsia,

instead of referring her for specialist care. Another referred

a woman with heavy proteinuria for urological investiga-

tion. A woman with jaundice was referred by her GP to

the community midwife; it subsequently emerged that the

woman had HELLP syndrome. GPs have become increas-

ingly disengaged from antenatal care and consequently de-

skilled, and inappropriate decision-making may be an

increasing problem. The first port of call to a pregnant

woman with epigastric pain (an important symptom of

severe pre-eclampsia) may well be her GP. This problem

needs to be urgently addressed.

The significance of epigastric pain in pregnancy also

needs to be better understood in Emergency Departments:

A woman presented to an Emergency Department in early

third trimester with epigastric pain. Her blood pressure was

>150/90 mmHg and she had proteinuria +++. She was

diagnosed as having ‘gastritis’ and discharged home, where

she collapsed and died shortly afterwards. Autopsy showed

a cerebral haemorrhage and the typical histological features

of pre-eclampsia.

Treatment of systolic hypertension
The single major failing in clinical care in the current trien-

nium was, again, inadequate treatment of hypertension,

with subsequent intracranial haemorrhage. For example:

A woman presented to an Emergency Department during

her second trimester with abdominal pain and vomiting.

Previously normotensive at the antenatal clinic, her blood

pressure rose from 191/110 to 210/130 mmHg while in the

Emergency Department. She had proteinuria +++. She

developed a severe headache and pain on breathing and

was transferred to the labour ward where she was given a

calcium channel blocker and opiate analgesia. Following an

eclamptic seizure, treatment with magnesium sulphate and

hydralazine infusion was started. First hands-on consultant

involvement occurred around 8–10 hours after admission,

at which time her blood pressure was still extremely high

(systolic pressure still >200 mmHg) and she was unrous-

able. She died shortly after from a large intracranial bleed.

This is illustrative of a number of cases in which there

was failure to appreciate the seriousness of the situation, a

failure to treat systolic hypertension effectively and a failure

of involvement of senior clinicians until it was too late. It

is systolic hypertension that poses the greatest risk of cere-

bral haemorrhage, and very high pressures need to be trea-

ted as medical emergencies. This woman, as others, had

life-threatening systolic hypertension for several hours

before her stroke.

The National Institute for Health and Clinical Excellence

(NICE) guidelines on hypertension in pregnancy recom-

mend that women with moderate pre-eclampsia should be

treated with oral labetalol if systolic pressure reaches 150–

160 mmHg. If there is severe pre-eclampsia (with very high

systolic pressures), treatment can be with either oral or intra-

venous labetalol, oral nifedipine, or intravenous hydral-

azine.4 A combination of drugs may be necessary. There is

little evidence of any benefit associated with any individual

drug regimen. The priority is to lower the dangerously high

systolic pressure. The NICE guideline recommends a target

systolic pressure of 150 mmHg.4 Ideally, both consultant

obstetricians and anaesthetists will be present for such emer-

gencies, and consideration should be given to invasive moni-

toring with an arterial line and high-dependency care.

As the vignette above illustrates, it is essential that the

response to therapy is monitored carefully and, if a response

is absent or inadequate, that suitable treatment is added.

It is also worth re-emphasising, as in the last Reports,

the observation that some automated blood pressure moni-

toring systems systematically under-estimate systolic pres-

sure in pre-eclampsia.

Third-stage management
Three women who died from cerebral haemorrhage devel-

oped very high blood pressures shortly after giving birth.

All had received intramuscular Syntometrine (oxytocin–erg-

ometrine) for active management of the third stage of

labour. One woman had been hypertensive during labour,
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one had been normotensive, and one had not had her

blood pressure checked during what was a rapid labour.

Syntometrine is contraindicated in hypertensive women

because it may exacerbate hypertension, and a previous

Report has recommended that it be avoided in women

who do not have their blood pressures checked in fast

labours. It is now sensible to reach the conclusion that Syn-

tometrine should be avoided as a routine drug completely.

Intramuscular Syntocinon (oxytocin without ergometrine)

provides almost as effective prophylaxis against postpartum

haemorrhage as does Syntometrine, with fewer adverse

effects, including hypertension.5 Intramuscular oxytocin is

not licensed for this use simply because the manufacturers

have no commercial incentive to see it licensed. The use of

intramuscular oxytocin as the routine drug for active man-

agement of the third stage of labour is now recommended

by two NICE guideline development panels.4–6

Eclampsia
It is unprecedented to report so many deaths in apparently

direct association with eclamptic seizures. In three women,

cardiac arrests were witnessed by clinical staff shortly after

seizures: one woman, who had received no treatment, had

a seizure followed by cardiac arrest in her home in the

presence of a paramedic. Another woman was in hospital

and had received nifedipine but no magnesium sulphate,

because of concern about her oliguria. She too had a sei-

zure followed by cardiac arrest. The third woman, also in

hospital, had received both labetalol and magnesium sul-

phate before seizures and cardiac arrest. In a further two

women there was less certainty, as they were found col-

lapsed at home, but excellent autopsies showed unequivocal

histological evidence of pre-eclampsia and no other pathol-

ogy (e.g. cerebral haemorrhage), and it seems highly likely

that these deaths, too, were associated with eclampsia. It is

well recognised that cardiac arrest can occur in association

with seizures in people with epilepsy (Sudden Unexexpect-

ed Death in EPilepsy), and it seems plausible that cardiore-

spiratory arrest may have a similar mechanism in

association with eclamptic seizures. These findings remind

us that there are intrinsic risks to eclamptic seizures.

Five other women had pregnancies complicated with

pre-eclampsia but, because they died of other causes, are

counted elsewhere. Two women who died from cardiomy-

opathy are counted in Chapter 9, two are counted as Other

Indirect in Chapter 10 and one woman who died of amni-

otic fluid embolism is counted in Chapter 5.

Pathological overview

Autopsies were performed on 14 women for whom pre-

eclampsia was the clinical background to the cause of

death, but no report was available for two of these and in a

third the report was incomplete. Five of the reports were

excellent and six, including the incomplete report, were

poor or worse. Cerebral pathology was confirmed in three

and liver necrosis in one of the five excellent reports. In

one of these cases a woman died unexpectedly in preg-

nancy when normotensive but with ketonuria and oedema.

The autopsy report had minimal macroscopic findings: the

classical changes of pre-eclampsia were subsequently histo-

logically demonstrated in her uterus, liver and kidneys.

In the five poor autopsies, there was failure either to

address the clinical differential diagnoses or the concluding

cause of death bore no apparent relation to the autopsy find-

ings, and sometimes both. No histology was taken in four of

these cases. For two, the death was attributed to haemor-

rhage despite the clear clinical and pathological findings of

HELLP syndrome without a clinical history of bleeding in

the one, and a clear description of normal jugular veins (the

claimed source) in the other. The other cases have been clas-

sified and discussed with the Other Indirect deaths in Chap-

ter 10, though the possibility that pre-eclampsia was

involved cannot be excluded. In two of these there was

death from cerebral haemorrhage in women with recorded

preceding hypertension in pregnancy: in one this was mild

and in the other it was transient, though associated with

proteinuria. No adequate neuropathological examination

was performed, and there was no histological search for pre-

eclampsia in either case. The third is unascertained:

A diabetic woman was started on insulin in the second tri-

mester, and her last blood pressure at around 30 weeks had

risen to 140/95 mmHg. A few weeks later she collapsed at

home. A bitten tongue was the major autopsy finding: there

was no histology or toxicology.

The assessors cannot classify this as a death from pre-

eclampsia but feel that this possibility was not adequately

addressed either by direct exclusion or by the determina-

tion of a clear alternative cause of death. The autopsy

totally failed to address the possible clinical diagnoses and,

in particular, failed to search adequately for the histological

features of pre-eclampsia. The assessors have therefore clas-

sified it as unascertained.

Although most deaths associated with pre-eclampsia are

clear-cut, there are cases where the differential diagnoses

require a detailed autopsy assessment, if only for exclusion

of other possibilities.

Pre-eclampsia and eclampsia:
pathological recommendation

Autopsies on women with a preceding history of pre-

eclampsia should have careful histological examination

of the kidneys, liver and uterine placental bed site.
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Conclusion

The number of deaths from pre-eclampsia/eclampsia has not

fallen. The most pressing need, as before, is to treat hyperten-

sion (and especially systolic hypertension) quickly and effec-

tively to prevent haemorrhagic stroke. Iatrogenic

hypertension should be avoided by abandoning the use of

ergometrine in routine third-stage management. The inci-

dence of eclampsia has halved in the UK, presumably as a

result of the widespread use of magnesium sulphate, follow-

ing publication of the Magpie trial.7 The UKOSS study has

shown that the overall case fatality rate associated with

eclampsia is low in the UK, but serious morbidity can occur.2

However, this Enquiry, albeit over a different time-scale, has

identified an unprecedented number of deaths associated

with eclamptic seizures. This is a reminder that eclampsia is a

serious complication that, where possible, should be avoided.
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Obstetric haemorrhage: specific recommendation

• Despite the decline in numbers this triennium, obstetric haemorrhage remains an important cause of maternal death.

All units should have protocols in place for its identification and management, and all clinicians responsible for the

care of pregnant women, antenatally, postnatally and intrapartum, including those practicing in the community,

should carry out regular skills training for such scenarios.

• Early senior multidisciplinary team involvement is essential in the management of major obstetric haemorrhage.

• All clinicians should be aware of the guidelines for management of women who refuse blood transfusion.

• The welcome absence of deaths in relation to elective caesarean section for placenta praevia in this Report endorses

the recommendations in earlier Reports that senior staff should be involved in these deliveries.

• The recommendation in the previous Report that ‘All women who have had a previous caesarean section must have

their placental site determined. If there is any doubt, magnetic resonance imaging (MRI) can be used along with ultra-

sound scanning in determining if the placenta is accreta or percreta’ needs to be restated, as scans for placental locali-

sation site in women with previous caesarean sections are still sometimes not being performed.

• Women delivered by caesarean section should have regular observations of pulse and blood pressure for the first

24 hours after delivery recorded on a Modified Early Obstetric Warning score (MEOWS) chart. Abnormal scores on

MEOWS should be investigated and acted upon immediately.

• The Royal College of Obstetricians and Gynaecologists (RCOG) recommend that women with major placenta praevia

who have previously bled should be admitted and managed as inpatients from 34 weeks of gestation. Those with

major placenta praevia who remain asymptomatic, having never bled, require careful counselling before contemplating

outpatient care. Women with major placenta praevia who elect to remain at home should have the risks explained to

them and ideally require close proximity with the hospital.

Obstetric haemorrhage: learning
points

Anaemia magnifies the effects of obstetric haemorrhage.

Antenatal anaemia should be diagnosed and treated

effectively: parenteral iron therapy should be considered

antenatally for women with iron deficiency anaemia

who do not respond to oral iron.

Moderate or excessive traction on the cord before pla-

cental separation is inappropriate. The appropriate ini-

tial management of uterine inversion is attempted

replacement.

Any decision to give women blood should be made

carefully, and all clinicians involved in blood transfusion

should be aware of the potential adverse effects of trans-

fusion and signs and symptoms of transfusion-related

complications.

Women known to be at risk of major haemorrhage, e.g.

those with placenta accreta and those who decline blood

and blood products, should be delivered in maternity

units with access to critical care, interventional radiol-

ogy and cell salvage.
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Background

In the UK, major obstetric haemorrhage occurs in around

3.7 per 1000 births (95% CI 3.4–4.0), with uterine atony

being the commonest cause.1 The fact that more women

do not die is a testament to good multidisciplinary man-

agement in the majority of cases. However, the overall rate

of postpartum haemorrhage in some developed countries

appears to be increasing.2 In less developed countries,

obstetric haemorrhage remains one of the major causes of

maternal deaths,3 with up to 50% of the estimated 500 000

maternal deaths that occur globally each year being attrib-

utable to its effects.

Summary of key findings for 2006–08

In the UK, during 2006–08 there were nine Direct maternal

deaths from obstetric haemorrhage, including one associ-

ated with a uterine rupture. This gives an overall mortality

rate of 0.39 per 100 000 maternities (95% CI 0.20–0.75).

There were also two Late Direct deaths that occurred later

in the postpartum period that are not counted in the over-

all death rate but that are discussed here as they contain

valuable lessons nevertheless. One was the result of the

consequences of placenta accreta and the other was from a

combination of postpartum haemorrhage and sepsis in a

woman who was already severely anaemic.

The nine Direct deaths from obstetric haemorrhage rep-

resent a decline from the 14 that occurred during 2003–05,

where a rate of 0.66 per 100 000 maternities (95% CI 0.39–

1.12) was reported (P = 0.2). Consequently, this triennium,

obstetric haemorrhage is reduced to being the sixth leading

cause of Direct maternal deaths and the mortality rate, as

shown in Table 4.1, is the lowest since the UK-wide Confi-

dential Enquiry Reports began in 1985. It is hoped that this

decline will be maintained in the future, as the numbers

are too small to currently be able to infer a statistical trend.

Although no firm conclusions about the decline can cur-

rently be drawn, it is hoped that the reduction in death

may reflect improvements in the quality and safety of care,

regular drills and skills exercises, the use of guidelines and

closer multidisciplinary working, as recommended in previ-

ous Reports. However, this does not mean that lessons can-

not be learned from the cases discussed in this Chapter, as

there remains room for further improvement.

Severe maternal morbidity associated
with haemorrhage

Peripartum hysterectomy and second-line thera-
pies for severe haemorrhage
A UKOSS study (The United Kingdom Obstetric Surveil-

lance System [UKOSS], described in the Introductory chap-

ter of this Report) conducted between February 2005 and

February 2006 estimated the incidence of peripartum hys-

terectomy to control haemorrhage to be 40.6 per 100 000

maternities (95% CI 36.3–45.4 per 100 000 maternities).4

Fewer than 1% of the women who had a hysterectomy

died. Thirty-nine percent of women had a morbidly adher-

ent placenta,5 and the main documented risk factor was

previous caesarean delivery (adjusted odds ratio 3.52, 95%

CI 2.35–5.26).

Table 4.1. Direct deaths by type of obstetric haemorrhage or genital tract trauma and mortality rate per 100 000 maternities; UK: 1985–2008

Triennium

Cause of haemorrhage

Overall

total

n

Overall

rate

Placental

abruption

n

Placenta

praevia

n

Postpartum

haemorrhage

n

Total Genital tract trauma*

n Rate 95% CI n Rate 95% CI

1985–87 4 0 6 10 0Æ44 0Æ24–0Æ81 6 0Æ26 0Æ12–0Æ59 16 0Æ71

1985–87 6 5 11 22 0Æ93 0Æ62–1Æ41 3 0Æ13 0Æ04–0Æ39 25 1Æ06

1991–93 3 4 8 15 0Æ65 0Æ39–1Æ07 4 0Æ17 0Æ06–0Æ46 19 0Æ82

1994–96 4 3 5 12 0Æ55 0Æ31–0Æ95 5 0Æ23 0Æ09–0Æ55 17 0Æ77

1997–99 3 3 1 7 0Æ33 0Æ16–0Æ68 2 0Æ09 0Æ02–0Æ38 9 0Æ42

2000–02 3 4 10 17 0Æ85 0Æ53–1Æ36 1 0Æ05 0Æ01–0Æ36 18 0Æ90

2003–05 2 3 9 14 0Æ66 0Æ39–1Æ11 3 0Æ14 0Æ05–0Æ44 17 0Æ80

2006–08 2** 2*** 5 9 0Æ39 0Æ20–0Æ75 0**** 0Æ00 9 0Æ39

*Includes ruptured uterus. These deaths were discussed in a separate Chapter in previous reports.

**Includes one very late ectopic pregnancy in the third trimester.

***Including one woman with placenta praevia/accreta and ruptured uterus.

****Genital tract tears were implicated in two women who died of postpartum haemorrhage.
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On a UK-wide basis, surveillance of severe postpartum

haemorrhage requiring specific second-line therapies was

undertaken through UKOSS between October 2007 and

March 2009 (Knight M et al, unpublished UKOSS data –

personal communication). An estimated 24.4 women per

100 000 maternities were managed either with uterine com-

pression sutures, pelvic vessel ligation or embolisation, or

factor VII to treat severe haemorrhage (95% CI 21.7–27.3

per 100 000 maternities). An investigation in the group of

women managed with uterine compression sutures for fail-

ure to control haemorrhage leading to hysterectomy

showed that delay in placement of the suture (more than

2 hours between delivery and suture placement) was more

frequent in women who underwent hysterectomy (adjusted

odds ratio 3.86, 95% CI 1.65–8.99). This emphasises the

importance of early recognition and management of severe

haemorrhage to improve outcomes.

Morbidity from uterine rupture
There were 111 cases of uterine rupture reported to

UKOSS between April 2009 and January 2010, (Knight M

et al, unpublished UKOSS data – personal communication)

representing an estimated incidence of 17.4 cases per

100 000 maternities (95% CI 14.3–21.0 per 100 000 mater-

nities). Eighty-six percent of cases occurred in women who

had had a previous caesarean delivery.

Trends in obstetric haemorrhage
A fall in the rate of major obstetric haemorrhage, despite a

rise in rate of postpartum haemorrhage, is also apparent

from the Scottish audit of maternal morbidity published

for 2008,6 which is also described in Appendix 2B. These

results, in combination with a fall in the number of deaths

in Scotland and in the UK, also point to improved man-

agement of this condition.

The mothers who died

The age range of the mothers who died was from 22 to

36 years, with a median of 28 years. Five women were pri-

miparous, and three of the other four mothers had at least

one previous caesarean section. The Body Mass Index

(BMI) of eight of the nine mothers who died and whose

BMIs were known ranged between 20 and 38 with a med-

ian of 23. Six women were of normal weight, one was over-

weight and one was obese.

Five women described themselves as White British and

were regular attenders for antenatal care; a sixth concealed

her pregnancy. The three women from other ethnic groups

had had three or fewer antenatal visits, but two women

appeared to have arrived in the UK later in their pregnan-

cies in order to give birth here. One had little grasp of Eng-

lish, and one of the Late Direct deaths also occurred in a

woman from a minority ethnic background who was a

poor attender for care.

Substandard care
Although both the number and proportion of deaths from

haemorrhage has fallen in this triennium, there remains

room for improvement. Substandard care was a factor in

six (66%) of the deaths. For four women it was considered

that different treatment may have altered the outcome, and

in two, although the outcome would probably not have

changed, there were lessons to be learnt. Obstetricians,

midwives and hospital management staff need to be vigi-

lant and ensure that care is optimised through use of regu-

lar drills and skills and adherence to national guidelines to

further reduce haemorrhage-related maternal death.

Antenatal haemorrhage

Placenta praevia and accreta
Two of the women whose deaths are counted in this Chap-

ter and a Late death of another woman followed a placenta

praevia. Two of these three women had placenta accreta as

well as placenta praevia, one of whom also had a uterine

rupture.

A woman who had undergone a number of previous caesar-

ean sections and who attended regularly for antenatal care

collapsed at home in the third trimester and was moribund

on arrival in the Emergency Department. At autopsy, a pla-

cental percreta and uterine rupture were found. Ultrasound

had not been performed antenatally to determine placental

site, despite her previous caesarean sections.

This illustrates the importance of following the guidelines

issued in the last Report, for 2003–05, that ‘all women who

have had a previous caesarean section must have their pla-

cental site determined. If there is any doubt, magnetic reso-

nance imaging (MRI) can be used along with ultrasound

scanning in determining if the placenta is accreta or percre-

ta’.7 These recommendations are endorsed by the recently

published ‘care bundle’ for the management of women with

placenta praevia after caesarean section produced by the

RCOG and the National Patient Safety Agency (NPSA).8

In one of the other women:

A woman whose placenta accreta had been diagnosed ante-

natally was correctly delivered in a tertiary referral centre

with a Critical Care Unit (CCU). At the time of delivery

the placenta was confirmed to be morbidly adherent and

was therefore left in situ. Although she made a good recovery

in the immediate postpartum period, she became unwell

with probable sepsis some weeks after delivery. She was

admitted to the initial booking hospital without a CCU and

underwent attempted manual removal of the placenta, at
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which there was catastrophic bleeding, leading to dissemi-

nated intravascular coagulation and her eventual death

some days later.

Management of placenta accreta remains a challenge,

with no clear evidence on how it should be best conducted.

It was the principal indication for peripartum hysterectomy

in around 40% of women who underwent this procedure

in the UK in 2005.4 Good practice advice from the RCOG9

and the NPSA8 suggests that senior multidisciplinary plan-

ning is indicated, with predelivery discussion of the possi-

bility of the need for hysterectomy to control bleeding.

A woman who had a previous caesarean section and a

diagnosis of placenta praevia made by scan later in her preg-

nancy and who collapsed at home near term illustrates the

dangers of outpatient management of severe placenta prae-

via. Although outpatient management is now increasingly

undertaken, it is not without risk. There is only one small

(<60 women) randomised trial10 and no observational stud-

ies of sufficient size on which to base an estimate of the risks

of outpatient versus inpatient management.

In view of this, the RCOG recommends that ‘women

with major placenta praevia who have previously bled should

be admitted and managed as inpatients from 34 weeks of ges-

tation. Those with major placenta praevia who remain

asymptomatic, having never bled, require careful counselling

before contemplating outpatient care’.9

In a separate case, counted and discussed in Chapter 6, a

woman who had had several previous caesarean sections

developed a severe haemorrhage early in pregnancy fol-

lowed by chorioamnionitis.

Placental abruption and other
antepartum haemorrhage

A woman who had presented several times throughout her

pregnancy with abdominal pain and had been scanned on

at least four occasions by appropriately qualified staff had

an extrauterine pregnancy that was not diagnosed until the

third trimester. This rare incident illustrates the difficulty

in making this diagnosis in the second and third trimesters

and also highlights the need to consider ectopic pregnancy

in the differential diagnosis of abdominal pain throughout

pregnancy. The major learning points about scanning in

early pregnancy are discussed in Chapter 6.

In another woman:

A woman with significant systemic disease presented with an

intrauterine death and placental abruption in her early third

trimester. Despite her medical history, abdominal pain and

tense abdomen, delivery was delayed by many hours and

thereafter started initially with mifepristone. She became

increasingly unwell but was managed by junior staff without

multidisciplinary input. She eventually arrested and under-

went perimortem caesarean section over 2 days after the

intrauterine death was diagnosed. The cause of death at

autopsy was given as fluid overload and acute transfusion-

related lung injury.

Although NICE guidelines11 indicate that conservative

management and/or a delay in labour induction is some-

times appropriate in women with an intrauterine death,

this does not apply in the presence of major abruption or

infection. In these scenarios, delivery should be expedited.

Such women are at high risk of morbidity and mortality

and should be managed by an experienced multidisciplin-

ary team. This case also highlights the complications of

blood transfusion: acute transfusion-related lung injury is

now a leading cause of transfusion-related mortality and

morbidity. The decision to transfuse women should be

made carefully, and all clinicians involved in blood transfu-

sion should be aware of the potential adverse effects of

transfusion and signs and symptoms of transfusion-related

complications.12

Postpartum haemorrhage

Compared with the two previous Reports, the number of

deaths from postpartum haemorrhage (PPH) has halved to

five. The RCOG have recently published guidelines for the

management of postpartum haemorrhage.13 These empha-

sise the importance of active management of the third stage

with prophylactic oxytocic administration to prevent post-

partum haemorrhage and prompt multidisciplinary man-

agement in the treatment should it occur.

Although there are now a wide array of therapies for

postpartum haemorrhage, ranging from vessel embolisation

to recombinant factor VIIa, it is disappointing that a major

failure in three of the five women who died (60%) was a

lack of routine observation in the postpartum period, or a

failure to appreciate that bleeding was occurring. In all

three women there was a lack of optimal postoperative

measurement of pulse and blood pressure, or recognition

of abnormal vital signs such as oxygen saturation and

respiratory rate, even when it was known the mother had

sustained a large bleed. The use of MEOWS charts, as

advocated in the last Report,7 should help to alert caregiv-

ers to abnormal trends in haemodynamic measurements,

but they are only useful if observations are performed and

abnormal readings acted upon. Regular observations of

pulse and blood pressure should be made postdelivery.

MEOWS charts enable the identification of readings that

require further action.

Underlying, longstanding and untreated anaemia, which

is often linked with maternal deaths from haemorrhage in

developing countries, was also found in a few mothers who

died in this Report.

Norman

74 ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203



A woman who died some months after delivery from multi-

organ failure secondary to bacterial pneumonia also sus-

tained a postpartum haemorrhage of 1–2 l during a

caesarean section. Despite the fact that she was unwell at

the start of the procedure, and also had a haemoglobin of

only 7.5 g/dl, senior staff were not alerted until she began

to bleed excessively.

Antenatal anaemia should be diagnosed and treated

effectively: parenteral iron therapy should be considered

antenatally for women with iron deficiency anaemia who

do not respond to oral iron.

The case of a woman for whom the stigma of being an

unmarried mother appeared too much and who therefore

concealed her pregnancy, subsequently dying at home of a

catastrophic postpartum haemorrhage, although counted

here, is discussed in Chapter 11.

Women who refuse blood products
The management of women who refuse blood products

presents a continuing challenge in obstetric practice. In

each of the two previous Reports, there were two deaths

from haemorrhage in such women; although only one is

reported here, there was a further woman for whom this

was important but who died from an unrelated cause. Such

mothers are known to be at increased risk of death if they

suffer a major obstetric haemorrhage: a recent estimate

from the Netherlands puts this at around three- to four-

fold.14 Clear guidelines for the management of these

women were contained in an earlier Enquiry Report7 and

in guidance from the RCOG.15 Good practice advice is to

ensure that women discuss their plans to avoid blood

transfusion with both a consultant anaesthetist and an

obstetrician in their antenatal period, that women enter

labour with a haemoglobin >10.5 g/dl, that cell salvage is

available where appropriate and that operative abdominal

and vaginal deliveries are performed by senior anaesthetic

and obstetric staff. A further lesson is that erythropoietin is

not an effective alternative to red cell transfusion in major

acute haemorrhage because it takes 10–14 days to effect an

increase in haemoglobin levels.16 Women who refuse blood

products, their families and religious advisors need to be

aware of this.

Management of the third stage of labour
Uterine inversion occurred as a result of traction on the

placenta before separation in a woman who had a retained

placenta. This resulted in bleeding and vasovagal shock.

Uterine replacement was not attempted, but Syntocinon

was given. Clinicians should be aware that developments

in the treatment of major haemorrhage do not mean that

elementary clinical management can be neglected. Moder-

ate or excessive traction on the cord before placental

separation is inappropriate. Attempted replacement is the

appropriate initial management of uterine inversion.

Births in midwife-led units or at home
With increasing emphasis on the availability of births at

home or in midwife-led units, caregivers should ensure that

there are appropriate guidelines for management where

labour and delivery are not straightforward. Obstetricians

and midwives should develop guidelines for the manage-

ment of obstetric emergencies that may occur in the com-

munity, including uterine inversion and antenatal and

postpartum haemorrhage, and all practitioners should keep

up to date with emergency drills for uncommon events.

Pathological overview

The autopsies of five deaths from haemorrhage were

reviewed this triennium together with two further deaths,

one associated with a Grade 4, major placenta praevia and

another with retained placenta. Both of these were classified

as anaesthetic deaths and are counted in Chapter 8. There

were two deaths from placenta praevia or accreta and three

from uterine rupture or genital tract tears during delivery.

The death of one woman from a placenta praevia did not

come to autopsy, but the report on the placenta and subto-

tal hysterectomy was available. Although the report con-

firmed that there was no abruption, there was no mention

of the site of the placental bed; this should have been com-

mented on. Three of the other reports were excellent. For

instance, in one woman, cervical tears extending into the

broad ligaments had been sutured, but she remained hypo-

tensive. When she developed chest pain, an embolus was

suspected. The autopsy very carefully excluded both pul-

monary and amniotic fluid embolism. This contrasts with a

very poor report which was in ‘tick box’ format with mini-

mal or no other description. The consultant obstetrician,

who attended the autopsy, commented in his report to the

coroner on discrepancies between his observations at the

autopsy and those by the pathologist. These discrepancies

did not alter the cause or mode of death but do suggest

failures of interpretation and of clinicopathological correla-

tion amplified by poor report writing. Review of these

deaths emphasises the need to address the clinical issues

and for good clinicopathological correlation.

Conclusion

The decline in haemorrhage-related deaths in this triennium,

although not statistically significant because of the very small

numbers, is gratifying, and it is hoped that this can be main-

tained in future. The absence of deaths in relation to elective

caesarean sections for placenta praevia endorses the previous
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recommendations made in successive Reports that senior

staff should be involved in these deliveries.

Amongst the deaths, the lack of early senior multidisci-

plinary involvement, the lack of close postoperative moni-

toring and the failure to act on signs and symptoms that a

woman is seriously unwell, including readings from

MEOWS charts, remain important contributors to maternal

death from haemorrhage. All clinicians involved in the care

of pregnant women could further reduce the risk of haem-

orrhage-related maternal death by improvements in these

elementary aspects of clinical care.
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Amniotic fluid embolism: specific recommendations

• All maternal death autopsies should be performed as soon after death as possible, and not delayed by several days,

because the diagnosis of AFE then becomes difficult if not impossible.

At autopsy:

• confirm the diagnosis using immunochemistry

• in clinically classical cases where no squames can be found, search for mucins.

Amniotic fluid embolism: learning
points

Amniotic fluid embolism (AFE) should no longer be

regarded as a condition with near universal maternal

mortality. High-quality supportive care can result in

good outcomes for both mother and baby depending

on the place of collapse.

There were several examples of excellent practice this

triennium, including prompt peri-mortem caesarean

section.

AFE may be confused with other presentations, includ-

ing eclampsia, septic or anaphylactic shock and pulmo-

nary embolism, but ultimately the immediate action

taken should be resuscitative and the initial treatment is

unlikely to differ.

Summary of key findings for 2006–08

In this triennium, the deaths of 13 mothers who died of

AFE were reported to the Enquiry, giving a mortality rate

of 0.57 per 100 000 maternities (95% CI 0.33–0.98).

Although AFE continues to rank as a major cause of Direct

maternal deaths, it has fallen from being the second to the

fourth leading cause of Direct deaths this triennium.

As shown in Table 5.1, the numbers and mortality rate

for this triennium are less than the 17 deaths and mortality

rate of 0.80 per 100 000 maternities (95% CI 0.50–1.29)

attributed to AFE for the period 2003–05. This decline is

not statistically significant. Neither does it appear that there

is an upwards trend, which is consistent with the findings

of the latest morbidity study from the United Kingdom

Obstetric Surveillance System (UKOSS) (A detailed descrip-

tion of UK Obstetric Surveillance System (UKOSS) can be

found in the Introduction Chapter of this Report.) dis-

cussed below.

Maternal morbidity: the incidence of amniotic
fluid embolism
Prospective national surveillance of AFE has been under-

taken through UKOSS since 2005. A recent analysis of cases

reported over 4 years between February 2005 and February

2009 documented an incidence of 2.0 cases per 100 000

Table 5.1. Direct deaths attributed to amniotic fluid embolism and

rates per 100 000 maternities; UK: 1985–2008

Triennium n Rate 95% CI

1985–87 9 0.40 0.21–0.75

1987–90 11 0.47 0.26–0.83

1991–93 10 0.43 0.23–0.80

1994–96 17 0.77 0.48–1.24

1997–99 8 0.38 0.19–0.74

2000–02 5 0.25 0.11–0.59

2003–05 17 0.80 0.50–1.29

2006–08 13 0.57 0.33–0.98
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maternities (95% CI 1.5–2.5).1 There was no significant

change in incidence over the 4 years, but the authors note

that, because of small case numbers, surveillance over this

period has limited statistical power to detect any trends in

incidence. In this series, 20% of women with AFE died

(95% CI 11–32%); fatality was significantly associated with

Black or other minority ethnicity (adjusted odds ratio 11.8,

95% CI 1.40–99.5). Surveillance is ongoing, and all cases of

AFE, whether the woman survived or not, should be

reported to UKOSS, the details of which are given in

Box 5.1. Combining the results from this Enquiry and the

latest UKOSS report gives a case fatality rate of 16.5%. His-

torically, AFE has been seen as a universally fatal condition

with mortality approaching 100%, but with improved

approaches to resuscitation, it is possible that improve-

ments in mortality from AFE are now being achieved if the

mother collapses in a well-equipped facility.

The diagnosis of amniotic fluid embolism
The diagnosis of AFE has been accepted on clinical grounds

since the 1991–93 Report,2 and this definition has also been

used in the UKOSS methodology.1 The last Report3 con-

tained a discussion on how this compares with classifications

in other countries, including a chart highlighting the differ-

ence in clinical features in AFE compared with pulmonary

embolism, which is often where confusion may arise. In the

present triennium, five cases arose out of diagnostic uncer-

tainty in the immediate clinical situation: possible pulmo-

nary embolism, septic shock, anaphylaxis and eclampsia.

Disseminated intravascular coagulation (DIC) was a fea-

ture in ten of the cases (77%). In all three cases where DIC

was not identified, the women died very quickly after their

collapse, a maximum of 1½ hours. It seems likely that in

these cases the initial effect of the AFE was sufficient to

cause cardiopulmonary collapse before DIC set in.

The women who died
In this triennium the ages of the mothers who died ranged

between 31 and 42 years with a median of 36 years, slightly

older than in the previous triennium where the median age

was 33 years. Eight of the women (62%) were parous

(maximum para two), and the remainder were nulliparous.

The median gestational age at death was 40 weeks, ranging

between 31 and 41 weeks. There were two twin pregnancies

(15%). Seven (54%) of the women had pre-existing medi-

cal or psychiatric conditions. These cases included treated

essential hypertension, diabetes and anorexia. In the

UKOSS morbidity study,1 an association with increased

maternal age was observed only in women from ethnic

minorities in the study population.

In ten women (77%), the critical event occurred at or

before delivery, and, of these, six (46%) were in established

labour or in the process of delivery. The remainder experi-

enced their critical event after delivery. The UKOSS study1

found 55% of the AFE events that they studied, including

severe morbidity, occurred at or before delivery, with the

rest occurring after birth.

Of the 12 women for whom BMI data were available,

seven had a BMI <30, five were obese with a BMI ‡30, one

of whom had a BMI >35.

Six (46%) of the women were from ethnic minority

groups including Black African and Asian. This compares

with 29% in the previous Report. The UKOSS study1

found that women who died were significantly more likely

to be from an ethnic minority group than those who sur-

vived (adjusted odds ratio 4.64, 95% CI 1.11–19.5).

The index of deprivation for the women who died was

evenly distributed through the groups. Only three of the

women were smokers, and none had any history of known

substance abuse. Ten of the women had booked for antena-

tal care by 19 weeks of gestation. In none of the remaining

three did the late booking influence the content or quality

of care relating to the death.

There was considerable homogeneity in the presentation

of the cases. They were all characterised by a sudden and

unexpected collapse at home or in hospital. For example:

An older mother had a generally uneventful pregnancy and

was admitted at term in early labour. She collapsed shortly

after admission and underwent immediate caesarean sec-

tion. She suffered a massive haemorrhage after delivery

and, despite excellent emergency care, died very quickly.

The clinical circumstances
All of the women reported to have AFE in the current tri-

ennium were declared dead after delivery, nine of whom

(69%) underwent a peri-mortem caesarean section follow-

ing their collapse. Four women delivered vaginally before

collapse, two of whom had instrumental deliveries. Unlike

previous Reports, none of the women were given Syntoci-

non during labour or delivery. Four women had either arti-

ficial or spontaneously ruptured membranes at full cervical

dilatation and one at 7 cm. With the exclusion of two pre-

term babies, the babies’ weights ranged from 2870 to

Box 5.1. The UK amniotic fluid embolism register

All cases of AFE, whether the woman survived or not, should be

reported to the AFE Register at UKOSS. Cases may be reported

either through the local hospital UKOSS contact, via email to

ukoss@npeu.ox.ac.uk, or to:

UKOSS

National Perinatal Epidemiology Unit

Old Road Campus

Oxford

OX5 3DH
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4490 g with a median of 3570 g. Five of the women had

total fetal weights of 4000 g or more, including one set of

twins, and a woman who had gross polyhydramnios.

Of the women who died, six (46%) had been induced

using prostin analogues. This appears to be an over-rep-

resented proportion compared with births statistics for

England, Scotland and Wales,4–6 which were a little over

20% during the present triennium (birth statistics are

not collated for Northern Ireland). In the recent study

from UKOSS,1 the occurrence of amniotic fluid embo-

lism was significantly associated with induction of labour

(adjusted odds ratio 3.86, 95% CI 2.04–7.31), although

there was no association between induction of labour

and fatality.

The babies survived delivery in all but one case where a

delay in delivery was unavoidable as the mother collapsed

outside a maternity unit. The Enquiry’s documentation

relates to the immediate event only, and so it is possible

that some babies may not have survived the neonatal per-

iod or may have suffered birth injury.

Quality of care
In five cases there was no substandard care, and care was

considered to be exemplary in two of these. In the other

eight cases (62%) there was some degree of substandard

care, although the outcome may have been inevitable. The

learning points included very poor organisation of transfer

facilities in a unit; communication breakdowns, including

absence of a clear lead during resuscitation; delays in con-

tacting the consultant obstetrician; delay in communicating

to relatives that problems had occurred and two cases

where documentation of care leading up to the death was

judged to be unacceptably inadequate. Additionally, in two

of these cases there was avoidable delay in performing cae-

sarean section and achieving delivery within 5 minutes of

collapse, as recommended in the Managing Obstetric Emer-

gencies and Trauma manual,7 although it seems unlikely

that the outcome would have differed. It is important to

remember that in these circumstances the caesarean section

is being carried out to assist resuscitation of the mother

and a delay in transferring her to the operating theatre

may be unnecessary. While the role of peri-mortem caesar-

ean section may not always influence the outcome in AFE,

if a decision is made to carry out the procedure, it needs

to be timely, especially as AFE is now regarded as a poten-

tially treatable condition.

A multiparous woman was induced because of polyhy-

dramnios. Induction was followed by vaginal bleeding and

blood-stained liquor. After a while she collapsed with no

recordable blood pressure, a feeble pulse and a low Glasgow

Coma Score. Collapse was accompanied by fetal bradycar-

dia, and she was resuscitated in the hope this would assist

the fetal condition. She appeared to improve a little but

then collapsed again and developed DIC after an emergency

caesarean section.

Two cases were judged to be of sufficiently substandard

care that a different outcome might have resulted. In a case

of assisted delivery, the instrument was applied several

times before delivery was accomplished. The assessors were

unable to determine whether or not the multiple attempts

had led to access by amniotic fluid to the maternal circula-

tion. In another case the assessors considered that the delay

in providing resuscitative measures might have contributed

to the fatal outcome.

Four serious untoward incident reports and one root

cause analysis report were available to the assessors. Of

these, only one serious untoward incident report was

deemed to be of high quality. Six other deaths were

reported as having been subject to serious incident report-

ing, but as these reports were not submitted to the

Enquiry it was not possible to assess the quality of these

local reviews or the effectiveness of the learning opportu-

nities.

Pathological overview

All cases were subject to autopsy. AFE was confirmed in 11

cases and suspected in the remaining two. There appears to

be less uncertainty about the cause of death in the cases

classified as AFE in this Report for 2006–08 compared with

the 2003–05 Report.3 Five autopsy reports were considered

to have aspects that were substandard. A further problem

in five cases was a delay of at least 4 days between death

and the autopsy: this may have been the reason for nega-

tive histology in one of the cases, though squames were

found in the others. Autolysis could certainly have

impaired the demonstration of other pathology in this case.

In 11 cases, fetal squames were found on routine histology,

and these were confirmed by immunochemistry in five,

with a sixth confirmed by histochemistry.

There were still a few cases, as in previous Reports,

where the assessors had to make a decision about the cause

of death on clinical grounds. For example:

A mother was induced with vaginal prostin because of being

overdue and had a precipitate labour and birth with no

immediate problems. She was later found collapsed and,

after resuscitation had been commenced, started to bleed

very heavily, which was consistent with DIC. Resuscitation

proved impossible. AFE could not be confirmed at autopsy

but was not fully sought, as immunochemistry was not

used.

In another case there was a classical history of collapse

in labour, but no squames were found by immunochemis-

Chapter 5: Amniotic fluid embolism

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 79



try despite an extensive search. This case was accepted

because the quality of the autopsy report suggested that

other possible causes had been reasonably excluded. If true,

it suggests that squames are a common surrogate marker

for the syndrome but not necessarily its precipitating cause.

Conclusions

Amniotic fluid embolism, particularly if the collapse happens

in a well-equipped unit, should now be considered a treat-

able and survivable event in the majority of cases. It has now

fallen to fourth place among causes of Direct maternal deaths

but nevertheless continues to be a significant factor in mater-

nal mortality rates in the UK. The clinical presentation of

AFE can be confused with other causes of collapse, but effec-

tive resuscitation remains the essential common response

irrespective of the underlying cause for collapse.

When a death does occur, a detailed prompt autopsy

should be performed that includes immunochemistry or

histochemistry. All cases, fatal or not, should be reported

to UKOSS.
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Death in early pregnancy: specific recommendation

• All women of reproductive age presenting to Emergency Departments with gastrointestinal symptoms should have a

pregnancy test.

• Gastrointestinal symptoms, particularly diarrhoea and dizziness, in early gestation are important indicators of ectopic

pregnancy. These features need to be emphasised to all clinical staff.

• The term ‘pregnancy of unknown location’ based on early pregnancy ultrasound examination should be abandoned.

An early pregnancy ultrasound which fails to identify an intrauterine sac should stimulate active exclusion of tubal

pregnancy, and even in the presence of a small uterine sac, ectopic pregnancy cannot be excluded.

• As emphasised in the Royal College of Obstetricians and Gynaecologists (RCOG) Guideline, The Care of Women

Requesting Induced Abortion,1 abortion care should include a strategy for minimising the risk of infective morbidity,

at a minimum antibiotic prophylaxis. This should be applied whether the abortion is carried out medically or surgi-

cally.

Death in early pregnancy: learning
points

Abnormal placentation at the site of a previous cae-

sarean scar can lead to haemorrhagic catastrophes

in the mid-trimester, as well as in later pregnancy.

The possibility of morbid adherence should be consid-

ered when evacuation of retained placenta is under-

taken following miscarriage in women who have had

a previous caesarean section, and this procedure

should be performed by staff of appropriate seniority.

Heavy bleeding or bleeding persisting for more than

2 weeks following a diagnosis of non-continuing

pregnancy needs to be recognised as an indication

for medical or gynaecological review and consideration

of surgical evacuation of retained products of concep-

tion.

Unless ‘handover’ communication between hospital doc-

tors is meticulous, truncated shift patterns may result in

failure to appreciate a woman’s deteriorating clinical

status.

Summary of key findings 2006–08

Although fewer women died during 2006–08 of causes

directly resulting from complications arising from early

pregnancy (before 24 completed weeks of gestation) than

in any previous triennium, substandard aspects of care

were identifiable in a majority of the 11 women discussed

in this chapter. Six deaths occurred because of ruptured

ectopic pregnancies and five followed haemorrhagic com-

plications of spontaneous miscarriages. Table 6.1 docu-

ments the trends in early pregnancy deaths since the UK

Report began in 1985.

In addition, seven other early Direct deaths which

occurred secondary to sepsis are counted and discussed in

Chapter 7. Of these, two were associated with spontaneous

miscarriages between 9 and 16 weeks of gestation, two fol-

lowed pregnancy terminations, one performed medically

and one surgically induced, and the rest were the result of

infection following spontaneous premature rupture of

membranes. Another death, attributed to cocaine interact-

ing with an anaesthetic for a procedure in early pregnancy,

is counted in Chapter 8. Five women died from thrombo-

embolism in early pregnancy and are counted and dis-

cussed in Chapter 2. In this triennium, no deaths were
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associated with either criminal abortion or uterine trauma

occurring during termination of pregnancy.

The women who died
The ages of the women who died ranged between 21 and

41 years with a median age of 36 years. The majority lived in

stable circumstances and were in long-term relationships.

Five were from minority ethnic groups, three of whom did

not speak English, and another woman, a migrant from a

former Eastern European country, also spoke no English. In

all four of these women the interpretation was provided by a

family member, in one instance by a very young daughter.

This is an issue raised throughout this Report and is related

to one of the key recommendations.

Substandard care
Overall, care was considered to be substandard in six of the

11 deaths counted in this chapter (54%); in all of these

women earlier diagnosis and better treatment may have

resulted in a different outcome. This represents a decline

from previous Reports but remains a concern. The reasons

are discussed in the relevant sections in this Chapter.

Ectopic pregnancy
The numbers and maternal mortality rates from ectopic

pregnancy from this and previous triennia are shown in

Table 6.2. This shows the case fatality rate of ectopic preg-

nancies to be the lowest since these figures were first esti-

mated in 1988, and it is to be hoped this trend continues

in the next Report.

In this triennium six women, all of whom had previously

been pregnant, died from ruptured ectopic pregnancies

during the first trimester of their pregnancy. None of these

gestations were cornually or interstitially located. Another

death following an extrauterine pregnancy identified during

the third trimester is counted and discussed in Chapter 4.

An eighth woman died as a consequence of cerebral infarc-

tion in association with ectopic pregnancy and is consid-

ered as an Indirect death.

Three of the women who died were members of minor-

ity ethnic groups who may have sought medical advice late

as a consequence of their unfamiliarity with the health ser-

vices or because of linguistic difficulties. In all women,

family members acted as interpreter, which may also have

delayed the diagnosis because of the difficulty of passing on

sensitive information through a relative.

Although the incidence of ectopic pregnancy remained

unchanged in this triennium, there has been a welcome

decline in the case fatality rate in women with ectopic

pregnancies, suggesting that there is better early diagnosis

and treatment. This decline, however, has not reached sta-

tistical significance. One of the key lessons emphasised in

previous Reports does not appear to have been learned:

four of the six women who died from early ectopic preg-

nancies again complained of diarrhoea, dizziness or vomit-

ing as early symptoms, without triggering any

consideration of extrauterine pregnancy by their medical

attendants. For example:

A woman was referred to hospital by her GP because of

diarrhoea, vomiting and abdominal pain, with suspected

gastroenteritis. Her haemoglobin value was 10.9 g/dl with

tachycardia on admission, but a pregnancy test was not

performed. She was then seen by several junior hospital

doctors and, during the following few hours, received several

litres of intravenous fluids with a urinary output of less

than 500 ml and a severe fall in haemoglobin. She died

Table 6.1. Numbers of Direct deaths in early pregnancy counted in this Chapter by cause; UK: 1985–2008

Triennium Ectopic

pregnancy

Miscarriage Termination

of pregnancy

Other All deaths

counted in Chapter 6

Counted as deaths

from sepsis in Chapter 7

1985–87 11 4 1 0 16 0

1988–90 15 6 3 0 24 0

1991–93 9 3 5 0 17 0

1994–96 12 2 1 0 15 0

1997–99 13 2 2 0 17 5

2000–02 11 1 3 0 15 2

2003–05 10* 1 2 1 14 5

2006–08 6** 5 0*** 0 11 7

Up to 1994–96, early pregnancy deaths were defined as occurring before 20 weeks of gestation. Since 1997–99, 24 completed weeks of gesta-

tion has been used as the upper limit. Hence, direct comparisons with data from previous triennia may be misleading.

*A woman who died from anaesthesia for an ectopic pregnancy is counted among the anaesthetic deaths in Chapter 8.

**A woman who died of a very late extrauterine pregnancy is counted in Chapter 4.

***The deaths of two women who died from sepsis following termination of pregnancy are counted in Chapter 7 and one death associated with

cocaine misuse interacting with anaesthesia is counted in Chapter 8.
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before diagnosis. At autopsy, the abdominal cavity con-

tained about nine litres of bloody fluid and clot, together

with a ruptured tubal pregnancy.

The majority of the women collapsed at home before a

diagnosis of pregnancy was apparent and were very ill

before coming to medical attention. These deaths empha-

sise that even with improved diagnostic protocols and

investigative modalities, the first clinical evidence of extra-

uterine pregnancy may be a catastrophic collapse. In the

two other women, there was ample opportunity to suspect

ectopic pregnancy before collapse occurred. For example:

A woman had an ultrasound examination in very early preg-

nancy where a diagnosis of ‘pregnancy of unknown location’

was made, after which serial b-human chorionic gonadotro-

phin measurements were arranged. A few weeks later she was

admitted to another hospital because of diarrhoea, dizziness,

abdominal pain and vaginal bleeding. Repeat ultrasound

examination a few hours later queried the presence of a small

(9-mm) intrauterine sac and a haemoperitoneum. It was

decided to perform a uterine evacuation and consider lapa-

roscopy if products of conception were not obtained. An evac-

uation procedure alone was performed by a junior doctor

unfamiliar with the woman, who was then returned to the

postoperative ward where she collapsed and died several

hours later. Autopsy revealed massive intraperitoneal haem-

orrhage and a ruptured tubal pregnancy.

Miscarriage
Nine women died as a consequence of complications of

spontaneous miscarriage, an increase compared with each of

the five previous triennia. Four of these deaths occurred sec-

ondary to infection and are counted and discussed in Chap-

ter 7. The remaining five women died as a result of

haemorrhage, in one woman in association with molar preg-

nancy, and their deaths are counted here. Potentially avoid-

able factors were apparent in three of these five deaths. In

three deaths, all occurring at 16–18 weeks of gestation, mas-

sive and ultimately uncontrollable haemorrhage was associ-

ated with placental localisation at the site of a previous lower

segment caesarean section scar. For example:

A woman who had undergone several previous deliveries by

caesarean section presented with vaginal bleeding late in

her first trimester, some days after a diagnosis of fetal death

in utero. Miscarriage did not follow treatment with miso-

prostol and massive haemorrhage ensued during surgical

evacuation, leading to abdominal hysterectomy. Intra-

abdominal bleeding continued, associated with disseminated

intravascular coagulopathy, and the woman succumbed

during a further laparotomy. The placenta was found to

have been morbidly adherent to the old lower uterine seg-

ment caesarean scar tissue.

The introduction of Early Pregnancy Assessment Units has

assisted the triage of women presenting with bleeding in the

first trimester but has also been associated with more conser-

vative and expectant management of non-continuing preg-

nancies. Persistent bleeding, as was found in a number of

women, needs to be recognised as an indication for prompt

surgical evacuation of retained products of conception.

Termination of pregnancy
In this triennium there were two deaths associated with

termination of pregnancy, one related to staphylococcal

Table 6.2. Numbers of deaths from ectopic pregnancies and rates per 100 000 estimated ectopic pregnancies; England and Wales 1988–90 and

UK: 1991–2008

Triennium Total

estimated

pregnancies

Total

estimated

ectopic

pregnancies*

Ectopic

pregnancies

per 1000

pregnancies

Deaths

from

ectopic

pregnancies

Death rate

per 100 000

estimated ectopic

pregnancies

n n Rate 95% CI n Rate 95% CI

England and Wales

1988–90 2 880 814 24 775 8.6 8.5–8.7 15 60.5 36.5–100.4

United Kingdom

1991–93 3 141 667 30 160 9.6 9.5–9.7 9 29.8 15.5–57.4

1994–96 2,917 391 33 550 11.5 11.4–11.6 12 35.8 20.3–63.0

1997–99 2,878 018 31 946 11.1 11.0–11.2 13 40.7 23.6–70.1

2000–02 2,736 364 30 100 11.0 10.9–11.1 11 36.5 20.2–66.0

2003–05 2,891 892 32 100 11.1 10.9–11.1 10 31.2 16.8–57.9

2006–08 3,139 315 35 495 11.3 11.2–11.4 6 16.9 7.6–37.6

*See Introduction Chapter for explanation.
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toxic shock syndrome after surgical termination and one

secondary to Clostridium septicum infection following medi-

cal termination; prophylactic antibiotics were not adminis-

tered in either case. Both women are counted and discussed

in Chapter 7. One further death is cited in Chapter 11.

Other deaths before 24 completed weeks of gesta-
tion
A total of 26 women died of Direct causes of maternal

death at less than 24 weeks’ gestation, of whom 11 are

counted in this chapter. Of the other early Direct deaths,

five were from thromboembolism and are discussed in

Chapter 2, two were the result of intracranial haemorrhage

and fatty liver and are discussed in Chapter 3, seven were

related to sepsis and are discussed in Chapter 7, and one

was caused by staphylococcal toxic shock syndrome after

surgical termination and is discussed in Chapter 8.

There were also 46 Indirect deaths at <24 weeks of gesta-

tion. Twelve were from cardiac disease and are counted in

Chapter 9, 30 were from other Indirect causes and are

counted in Chapter 10 and four had psychiatric causes and

are counted and discussed in Chapter 11.

Gratifyingly, no maternal deaths appeared to have

occurred as a direct result of pregnant women dying of

ovarian hyperstimulation syndrome following assisted fer-

tility therapy this triennium, but one or two cases did

occur in nonpregnant women, which are not currently clas-

sified as maternal deaths.

Pathology comment
Autopsy reports were available in all 11 early pregnancy

deaths; all but one of these reports were conducted to a

high standard. As a general rule, autopsies in such circum-

stances should carefully detail the pathological features in

the genital tract and other identifiable co-morbidity, and

the clinical diagnosis should be histologically confirmed

whenever possible.

Conclusion

The number of women dying before 24 completed weeks

of gestation was gratifyingly less than in any previous trien-

nium. Nevertheless, this total could have been lower still if

medical attendants were aware of the potential significance

of diarrhoea as an early symptom of ectopic pregnancy and

that evacuation of miscarriage during the mid-trimester is

a potentially dangerous procedure. An early pregnancy

ultrasound which fails to identify an intrauterine sac should

stimulate active exclusion of tubal pregnancy, and, even in

the presence of a small uterine sac, ectopic pregnancy can-

not be excluded.
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Genital tract sepsis: key message

Be aware of sepsis—beware of sepsis

Genital tract sepsis: specific recommendations

Education
• All pregnant and recently delivered women need to be informed about the risks and signs and symptoms of genital

tract infection and how to prevent its transmisson. Advice should include verbal and written information about pre-

vention, signs and symptoms, and the need to seek advice early if concerned, as well as the importance of good per-

sonal hygiene. This includes avoiding contamination of the perineum by washing hands before and after using the

lavatory or changing sanitary towels, and is specially necessary when the woman or her family or close contacts have a

sore throat or upper respiratory tract infection.

• All healthcare professionals who care for pregnant and recently delivered women should have regular training in the

early recognition of abnormal vital signs and serious illness. They should be aware of the signs and symptoms of severe

sepsis and the need for urgent assessment and treatment to avoid the often rapid progress of this condition. This is par-

ticularly important for community midwives who may be the first to pick up any potentially abnormal signs during

their routine postnatal checks.

Identification and monitoring
• Sepsis is often insidious in onset, and carers need to be alert to any changes that may indicate developing infection.In the commu-

nity, vital signs should always be checked in women who have any signs or symptoms of possible infection, and if infection is

likely, the woman must be referred to the obstetric services as soon as possible. In hospital, Modified Early Obstetric Warning

Scoring system (MEOWS) charts should be used to help in the more timely recognition, treatment and referral of women who

have, or are developing, a critical illness.

Immediate antibiotic treatment may be life saving
• If sepsis is suspected in the community, urgent referral to hospital is indicated. In hospital, high-dose intravenous

broad-spectrum antibiotics should be started immediately without waiting for the results of investigations, as once

infection becomes systemic the woman’s condition can deteriorate extremely rapidly over a period of a few hours.

Guidelines
• Guidelines for the detection, investigation and management of suspected sepsis should be available for all maternity

units, Emergency Departments, GPs and community midwives. A national guideline to cover the identification and

management of sepsis in pregnancy, labour, the postnatal period and beyond, which should include specific informa-

tion about Group A streptococcal infection, would raise awareness of sepsis, support investigations and management,

and help healthcare organisations respond in a timely and consistent way. This should be a priority.
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Group A b-haemolytic streptococcus
(Streptococcus pyogenes): learning
points

The number of maternal deaths from Group A b-hae-

molytic streptococcus (Streptococcus pyogenes) infection

has been increasing over the past 10 years.

Group A streptococcus is typically community based

and 5–30% of the population are asymptomatic carriers

on skin or in throat.1 It is easily spread by person-to-

person contact or by droplet spread from a person with

infection.

Streptococcal sore throat is one of the most common

bacterial infections of childhood, and all of the mothers

who died from Group A streptococcal sepsis either

worked with, or had, young children. Several mothers

or family members had a history of recent sore throat

or respiratory infection.

Contamination of the perineum is more likely when a

woman or her family or close contacts have a sore

throat or upper respiratory infection as the organism

may be transferred from the throat or nose via her

hands to her perineum. Antenatal education should

raise awareness of this and the importance of good per-

sonal hygiene and washing hands before and after using

the lavatory or changing sanitary towels.

Introduction

Unlike many other causes of direct maternal mortality,

deaths from genital tract sepsis have risen rather than

declined this triennium. Indeed, genital tract sepsis has

become the leading cause of Direct maternal death in the

UK for the first time since these Confidential Enquiries

into Maternal Deaths commenced in 1952. This is a cause

for concern, particularly as it has occurred against a back-

ground of an overall decrease in maternal mortality. But,

as discussed in this Chapter, many of these deaths were

from community-aquired Group A streptococcal disease,

mirroring an overall background increase in mortality from

this disease in the general population.2 For many of these

women, the outcome was unavoidable despite excellent care

because of the rapid course and late presentation of the ill-

ness. However, in others, possible opportunities to save

lives may have been missed and lessons remain to be

learnt.

Sepsis should never be underestimated. Its course is

often insidious and staff need to be aware that women with

serious illness, especially sepsis, may appear deceptively well

before suddenly collapsing, often with little or no warning.

Once established, sepsis may be fulminating and irreversible

with rapid deterioration into septic shock, disseminated

intravascular coagulation and multi-organ failure. The clin-

ical course is often so short, especially in Group A strepto-

coccal infection, that by the time women present to

hospital, it is too late to save them. As a healthcare worker

said: ‘Even with modern medicine, an experienced team of

doctors and midwives could not save a young pregnant

woman. The rapid deterioration caused by the overwhelm-

ing sepsis, despite desperate attempts to resuscitate her, will

never be forgotten.’

Sepsis is complex, incompletely understood, often diffi-

cult to recognise and manage, and presents a continuing

challenge. Some deaths will always be unavoidable, but bet-

ter training, a structured approach, good care in the com-

munity, and, in hospital, prompt investigation and

treatment, particularly immediate intravenous antibiotic

treatment and early involvement of senior obstetricians, an-

aesthetists and critical care consultants, may help in future

to save some lives. Further information about the patho-

physiology, clinical features and management of sepsis is

given in Chapter 16 and should be read in conjunction

with this chapter.

Summary of key findings for 2006–08

The deaths of 29 women who died from genital tract sep-

sis, as traditionally defined by this Report, were reported

this triennium. Of these, 26 Direct deaths are counted in

this Chapter and the remaining three, which were Late

Direct deaths occurring more than 6 weeks after delivery,

outside the international classification for maternal deaths,

are counted in Chapter 12. One of these was also associated

with haemorrhage. These three deaths are discussed here

because the women concerned became ill before or soon

after delivery and they may contribute to the overall lessons

to be learnt from these cases.

The mortality rate from sepsis for this triennium, 2006–

08, is 1.13 (95% CI 0.77–1.67) per 100 000 maternities,

compared with 0.85 (95% CI 0.54–1.35) for the last report

and the rate of 0.65 (95% CI 0.38–1.11) for 2000–02,

although this increase has not reached statistical signifi-

cance (P = 0.1). These rates are shown in Table 7.1 and

Figure 7.1.

The main reason for the rise in maternal mortality

from sepsis in this triennium is the increased number of

deaths caused by community-acquired b-haemolytic strep-

tococcus Lancefield Group A (Streptococcus pyogenes).

Most women had signs and symptoms of severe sepsis by

the time they presented to hospital. Although there has

been much concern in recent years about hospital-

acquired infection with ‘superbugs’, there is no evidence

of this apart from one woman who was already known to

be a carrier.
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The women who died
The ages of the women who died, including the three who

died later in the postnatal period, ranged from 15 to

41 years with a median age of 34 years. Most were in stable

family relationships with no significant social issues. Ten

were from minority ethnic groups, six of whom were asy-

lum seekers or recent immigrants, including one migrant

worker from a new European Union country who spoke

no English. One such mother was not booked until late in

her pregnancy although she had regularly attended the

Emergency Department with pregnancy-related problems.

Four women did not speak English, and, in all cases, close

family members provided interpretation. The inappropri-

ateness of this and lack of interpretation services is a recur-

ring theme in this Report and one for which an overall

recommendation has been made.

Most women had normal body mass index (BMI) or

were slightly overweight with ranges between 18 and 35

with a median of 23.5, but five had a BMI > 30. This dif-

fers from the last triennium where the majority of the

women who died from sepsis were overweight or obese.

Nine were primigravid. Eight women died from sepsis

before 24 weeks of gestation, with loss of all fetuses. Twelve

women had a vaginal delivery, and nine had a caesarean

section after 24 weeks of gestation. Sixteen of their babies

survived; there were five stillbirths.

Substandard care
Some mothers had excellent or outstanding care, but for

others there were missed opportunities for early interven-

tion. Lessons can be learnt from the management of 18 of

the 26 (69%) mothers who died during pregnancy or within

Table 7.1. Direct deaths associated with genital tract sepsis and rate per 100 000 maternities; UK: 1985–2008

Triennium Sepsis

in early

pregnancy*

Puerperal

sepsis

Sepsis

after surgical

procedures

Sepsis before

or during labour

All Direct deaths counted

in this Chapter

Late Direct

deaths**

n Rate 95% CI n

1985–87 3 2 2 2 9 0.40 0.21–0.75 0

1988–90 8 4 5 0 17 0.72 0.45–1.15 0

1991–93 4 4 5 2 15 0.65 0.39–1.07 0

1994–96 0 11 3 1 16 0.73 0.45–1.18 0

1997–99 6 2 1 7 18 0.85 0.54–1.34 2

2000–02 2 5 3 1 13 0.65 0.38–1.11 0

2003–05 5 3 2 8 18 0.85 0.54–1.35 3

2006–08 7 7 4 8 26 1.13 0.77–1.67 3

*Early pregnancy deaths include those following miscarriage, ectopic pregnancy and other causes.

**Late deaths are not counted in this Chapter or included in the numerator.
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Test for trend over period 1985–2008: P = 0.01

Figure 7.1. Deaths from genital tract sepsis, rates per 100 000 maternities; UK: 1985–2008
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the 6-week postnatal period, although this does not mean

that all of these women’s lives would have been saved. In

most cases, the outcome was inevitable, but for 12 it might

have been different had the infection been diagnosed and

treated more promptly. In six others, although the outcome

would not have changed, lessons remain to be learnt. There

were also lessons to be learnt from the management of some

of the women who died later in their postnatal period.

The organisms involved
The most common pathogen identified among the

women’s deaths was the b-haemolytic streptococcus Lance-

field Group A (Streptococcus pyogenes), of which there were

13 cases. There were five cases of Escherichia coli, one of

which also grew Enterococcus faecalis; three cases of Staphy-

lococcus aureus, one of which also grew mixed coliforms;

and one case each of Streptococcus pneumoniae, Morganella

morganii and Clostridium septicum. One healthcare worker,

known to be a methicillin-resistant Staphylococcus aureus

(MRSA) carrier, died some days after caesarean section

from septicaemia with Panton–Valentine leucocidin (PVL)

-positive MRSA, which is a particularly virulent subtype.

No pathogen was identified in four cases.

Group A b-haemolytic streptococcus (Streptococcus
pyogenes)
There were 13 deaths from b-haemolytic streptococcus

Lancefield Group A (Streptococcus pyogenes) this triennium

compared with eight in the last Report for 2003–05 and

three for maternal deaths from sepsis in 2000–02.

This organism should not be confused with the b-haemo-

lytic streptococcus Lancefield Group B (Streptococcus agalac-

tiae), which occasionally causes early neonatal mortality but

is a much less common cause of maternal mortality.

Group A streptococcus is typically community based,

and 5–30% of the population are asymptomatic carriers on

skin or in throat.1 It is easily spread by person-to-person

contact or by droplet spread from a person with infection.

Streptococcal sore throat is one of the most common bac-

terial infections of childhood, and all of the 13 women

who died from it either worked with, or had, young chil-

dren. Several mothers also had a history of recent sore

throat or respiratory infection. Contamination of the peri-

neum is more likely when a woman or her family or close

contacts have sore throats or other respiratory symptoms,

as the organism may be transferred from the throat or nose

via her hands to her perineum. Antenatal education should

raise awareness of this and the importance of good per-

sonal hygiene and avoiding contamination of the perineum

by washing hands before and after using the lavatory or

changing sanitary towels. All except one mother had intact

membranes until shortly before delivery, although several

had offensive, smelly or infected looking liquor when their

membranes ruptured. Studies have shown that bacteria

have the ability to cross intact membranes.3

Group A streptococcus can also cause serious illness such

as scarlet fever, bacteraemia, streptococcal shock syndrome

and necrotising fasciitis. Historically it is the classic organ-

ism associated with puerperal sepsis and was a major cause

of maternal mortality before antiseptic practice was intro-

duced and antibiotics became available.

Increased levels of Group A streptococcal infections tend

to occur between December and April, which was true for

most of the cases in this Report. Information from the

Health Protection Agency indicates that there were higher

than normal notifications of scarlet fever in some regions

of England from December 2007 to mid-March 2008,

which coincides with many of the cases reported here.4 For

most of the 13 women who died, there was no information

about subtype, but Types M, 12, T1 emm1 and emm11

were all identified.

The following vignette illustrates the typical symptoms

and the rapid and relentless course of Group A streptococ-

cal disease despite excellent care:

A woman in mid-pregnancy called an out-of-hours GP as she

was feverish, shivery and unwell and had a sore throat but

was diagnosed as having a probable viral infection. A few

hours later the GP visited again as she had developed con-

stant abdominal pain associated with vomiting, greenish

black diarrhoea, and reduced fetal movements but no vaginal

bleeding. The GP suspected placental abruption, and,

although she was rapidly transferred to hospital, on admis-

sion she was critically ill with marked tachycardia, breath-

lessness, cyanosis and confusion. The correct diagnosis of

septic shock was quickly recognised, fluid resuscitation was

started, senior consultants were called, advice was sought

from haematology and microbiology consultants and appro-

priate intravenous antibiotics were commenced immediately.

Despite intensive life support she died a few hours after

admission to hospital.

Sickle cell disease/trait
Some of the women had underlying medical conditions

that may have increased their susceptibility to infection,

including three Black African women, two of whom died

from coliform and one from Staphylococcus aureus infection

following spontaneous preterm prelabour rupture of mem-

branes (PPROM) between 17 and 23 weeks of gestation.

One had sickle cell trait, and two had known sickle cell dis-

ease. Women with sickle cell disease are at increased risk of

infection because of poor splenic function as a result of

damage from sickle cell disease, and any anaemia may also

increase the risk of infection. Maternal mortality in sickle

cell disease is estimated to be around 1 in 220 (0.45%).5

Sickle cell disease in pregnancy is the subject of a UK
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Obstetric Surveillance System (UKOSS) surveillance study

from February 2010 until February 2011.

As highlighted in Chapter 10, pregnant women with

underlying disease, including sickle cell disease, should be

managed jointly under the care of a consultant obstetrician

and a specialist consultant in their underlying condition, in

this case a haematologist. All immunisations, including

against pneumococcus, should be up to date. Any infec-

tions should be treated promptly and prophylactic penicil-

lin is recommended. A clear plan of management should

be documented in the chart early in pregnancy. A national

guideline would also be helpful.

Sepsis in early pregnancy
Eight women, including seven counted in this Chapter and

one Late death, died from complications of infections arising

before 24 completed weeks of gestation. Two women died

from septic miscarriage and two after a termination of preg-

nancy. Of these, one did not receive post-procedure prophy-

lactic antibiotics and another died from Clostridium septicum

septicaemia and necrotising fasciitis. Clostridium infection is

a rare but previously reported cause of maternal death,

including after termination of pregnancy. Vaginal carriage

was the most likely source of infection and the inflammatory

focus in the uterus the most likely portal of entry. Necrotis-

ing fasciitis is characterised by an overwhelming fulminant

course with severe pain and muscle inflammation or necro-

sis; the majority of patients die within 24 hours of onset.

Sepsis following pregnancy loss:
learning points

All units should have an effective and robust system in

place to ensure that peri-abortion antibiotic prophylaxis

(metronidazole 1 g rectally at the time of abortion plus,

commencing on the day of abortion, either doxycycline

100 mg orally twice daily for 7 days or azithromycin 1 g

orally) is offered routinely in accordance with RCOG

guidelines.6

Infection must be suspected and actively ruled out when

women who have had a recent termination of pregnancy

or spontaneous miscarriage have pyrexia, persistent

bleeding or abdominal pain, especially if the pain is

constant and severe. Vaginal swabs, ultrasound scan to

exclude retained products of conception and diagnostic

evacuation of uterus (evacuation of retained products of

conception) should be considered if there is still doubt;

haemoglobin, white cell count, C-reactive protein, and

blood cultures if pyrexia >38�C are minimum investiga-

tions; and high-dose broad-spectrum intravenous

antibiotics should be commenced immediately, without

waiting for microbiology results.

Four women, including a Late death, died from the conse-

quences of chorioamnionitis after spontaneous PPROM in

the second trimester. In one case the cause was Morganella

morganii. This is a Gram-negative rod bacterium often

found as part of the normal intestinal flora, but it can be a

rare cause of severe invasive disease and is naturally resis-

tant to many b-lactam antibiotics. Chorioamnionitis and

brain abscess due to Morganella morganii have both been

reported previously.7

Sepsis before delivery
Nine women, including eight counted in this Chapter and

one Late death, developed sepsis before delivery after

24 weeks of gestation. Seven women had group A strepto-

coccal infection, one had Escherichia coli and for one

woman who was extremely unwell on admission there

was no information about whether any microbiological

investigations were performed before antibiotics were

given. Four had a caesarean section and five delivered

vaginally. All except two were extremely unwell on admis-

sion to hospital, and many received outstanding care once

admitted, even though nothing more could have been

done to save them.

Most of these women had similar symptoms. They

had a short history of feeling unwell; some had a recent

sore throat, cough or flu-like illness; several had severe

diarrhoea; a few had vomiting; some felt hot and cold

or shivery and had mild or severe pyrexia, although oth-

ers had no temperature. One woman was hypothermic

and several were tachycardic and hypotensive on admis-

sion. All had contractions and abdominal pain that in

some cases was constant, severe and not relieved by anal-

gesia.

Severe maternal infection also affects the fetus—five

babies died in utero, and those delivered by emergency

caesarean section for abnormal fetal cardiotocographs

needed resuscitation after delivery, as did a baby born

vaginally to a woman who had complained of pelvic pain

in late pregnancy. In her case, when the membranes rup-

tured at delivery, the liquor was heavily meconium-stained

and smelt offensive. The combination of severe abdominal

pain and abnormal or absent fetal heart is more usually

associated with placental abruption, but these cases dem-

onstrate that when a woman presents with these symp-

toms, genital tract sepsis must be considered in the

differential diagnosis.

Severe sepsis is often a cause of atonic uterine haemor-

rhage, which may be further exacerbated by disseminated

intravascular coagulation. For example, one woman had

uncontrollable bleeding after vaginal delivery and suffered a

cardiac arrest <10 hours after admission; another woman

who had an emergency caesarean section under general

anaesthesia because of abnormal fetal cardiotocograph had
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a major intrapartum haemorrhage and cardiac arrest post-

operatively.

Of note, the membranes were intact almost until delivery

in eight of the nine women who developed sepsis before

delivery.

Sepsis after vaginal delivery
There is a tendency to regard the puerperium as a low-risk

period compared with pregnancy and delivery, but signifi-

cant problems can develop during this time. Seven women

died from sepsis that developed after vaginal delivery and

they illustrate how fit, healthy women with an uncompli-

cated pregnancy and delivery can become critically ill and

die in a very short time. Sepsis is often insidious in onset

and may not reveal itself for several days postpartum, when

most women will be at home, especially with routine early

discharge now encouraged. Some women died from sepsis

resulting from perineal infection. For example:

A woman with a second-degree tear felt feverish a few days

after delivery and then developed severe lower abdominal

pain and diarrhoea. She was accurately and quickly

assessed as having sepsis by her community midwife and

GP and rapidly transferred to the Emergency Department,

whose staff as well as the maternity team had been alerted

in advance. She was extremely ill on admission to hospital,

and her condition deteriorated despite appropriate treat-

ment including triple antibiotic therapy. Despite maximum

support in intensive care, she died a few hours later. Blood

cultures and perineal swabs grew b-haemolytic streptococcus

Lancefield Group A.

Four women died from Group A streptococcal infection

shortly after postnatal admission. One had severe lower

abdominal pain and a very low temperature although her

pulse and blood pressure were normal. She developed

severe diarrhoea and mottled peripheries and then col-

lapsed. Despite immediate resuscitation and excellent inten-

sive care, she rapidly died from streptococcal toxic shock

syndrome.

Mastitis
A woman developed septic shock from severe breast infec-

tion. Women rarely die from breast infection. However,

postpartum mastitis is very common, and the symptoms

can mimic infection without it actually being present, mak-

ing diagnosis of infection all the more difficult. When a

woman complains of breast pain, the breasts should be

examined and vital signs should be recorded. If symptoms

do not settle or if they continue to deteriorate within 12–

24 hours of conservative management, the woman should

be referred urgently to her GP or maternity unit for antibi-

otic therapy (flucloxacillin 500 mg 6-hourly or erythromy-

cin 500 mg 6-hourly or equivalent oral antibiotic for 10–

14 days). Immediate referral to hospital is indicated if the

woman is clinically unwell, if there is no response to oral

antibiotics within 48 hours, if mastitis recurs, if there are

very severe or unusual symptoms or if there are any other

concerns. Breast abscesses are not obviously fluctuant, and

a surgical opinion may also be needed.

Sepsis after surgery
Nine women, including eight counted in this Chapter and

one Late death, had a caesarean section, but in four

women it was performed as a result of their pre-existing

disease. Of the five women who developed obvious signs

and symptoms of infection after the section, four had

prolonged prelabour rupture of membranes and one

developed septic shock afterwards. One woman who had

had antibiotic prophylaxis after a caesarean section was

readmitted and died some weeks later from Staphylococcus

aureus wound infection and toxic shock syndrome. In

another case:

A woman had ruptured membranes for several days before

caesarean section for failure to progress in spontaneous

labour. She had been treated with oral amoxicillin and was

given a single dose of co-amoxyclav 1.2 g intravenously dur-

ing surgery. After delivery she had a cough and sore throat

and was discharged a few days later. She then felt cold, was

short of breath and was coughing up phlegm. Her commu-

nity midwife arranged for her to be reviewed at the hospi-

tal, but she collapsed and, even though an ambulance

arrived quickly, died in the Emergency Department. At

autopsy, b-haemolytic streptococcus Lancefield Group A was

isolated from her throat, lungs and uterus.

Overall learning points
The cases reported here demonstrate the huge challenges

in identifying and managing severe infection in pregnancy

or during or after the postnatal period. Fortunately, death

and serious illness from pregnancy-related sepsis are still

very rare. However, this means that many healthcare work-

ers will have never seen a case so awareness and the index

of suspicion can be low, and the fulminating nature of

many of the cases is surprising and shocking when it does

happen.

Raising public and professional awareness
Some women and their families did not realise how ill they

were or they did not disclose or trivialised significant

symptoms that might have allowed earlier intervention.

Some healthcare workers did not appreciate the signs and

symptoms or severity of the illness. There is therefore a

clear need to raise both maternal and professional aware-

ness about antenatal, intrapartum and puerperal sepsis so

that it can be prevented where possible, recognised quickly
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and managed effectively and immediately. This is one of

the major recommendations of this Report. In addition,

local guidelines or protocols must be available in all mater-

nity units, Emergency Departments and should be used by

GPs and community midwives. Until national guidelines

are produced, the Surviving Sepsis Campaign (www.surviv-

ingsepsis.org) has guidelines and care bundles that help to

guide the management of severely septic women.8 This is

also helpfully discussed in Chapter 16.

Prophylaxis
Antibiotic prophylaxis is crucial in several clinical scenar-

ios, as shown in the Learning point box. In particular,

there is evidence demonstrating an association between

infection ascending from the lower genital tract and pro-

longed rupture of membranes. This increases the risk of

chorioamnionitis and should increase alertness for other

signs of sepsis. In women with PPROM, about one-third of

pregnancies have positive amniotic fluid cultures.3 Several

women who died had prolonged rupture of membranes,

and the lessons to be learnt, as in other cases, are largely

around the early recognition of sepsis.

Sepsis prophylaxis: learning points

All units should have an effective and robust system in

place to ensure that peri-abortion antibiotic prophylaxis

(metronidazole 1 g rectally at the time of abortion plus,

commencing on the day of abortion, either doxycycline

100 mg orally twice daily for 7 days or azithromycin 1 g

orally) is offered routinely in accordance with RCOG

guidelines.6

Routine antenatal antibiotic prophylaxis with erythro-

mycin (250 mg orally 6-hourly) for 10 days is recom-

mended in women who have PPROM before 37 weeks

of gestation.3

For prelabour rupture of the membranes at term (i.e.

after 37 weeks of gestation), if there is evidence of infec-

tion, a full course of broad-spectrum intravenous antibi-

otics should be prescribed.9

Women having a caesarean section should be offered

prophylactic antibiotics, such as a single parenteral dose

of first-generation cephalosporin or ampicillin, to

reduce the risk of postoperative infections (such as

endometritis and urinary tract and wound infections),

which occurs in about 8% of women who have had a

caesarean section.10

Broad-spectrum antibiotics are recommended following

obstetric anal sphincter repair (third- and fourth-degree

tears) to reduce the incidence of postoperative infections

and wound dehiscence.11

Early diagnosis
When a woman becomes unwell, she is most likely to seek

help from her GP, community midwife, local maternity

hospital or Emergency Department, where she will proba-

bly be seen first by more junior members of the medical

team. It is therefore essential that such front-line staff are

fully aware of the signs and symptoms of sepsis and can

recognise critical illness. Telephone help lines have limita-

tions—in one case a woman sought advice on more than

one occasion because of persistent abdominal pain and

bleeding, but the urgency of the situation was not recogni-

sed and inappropriate advice was given.

There were also failures or delays in recognising the signs

and symptoms of sepsis and critical illness among hospital

staff. For example:

A woman who attended the maternity unit several times

with abdominal pain, vaginal discharge and suspected spon-

taneous rupture of membranes was never assessed by a senior

doctor. She was eventually admitted shivery and feverish,

with vomiting, diarrhoea, vaginal discharge, abdominal pain

and contractions. Although her temperature was normal, she

was hypotensive and tachycardic. She delivered soon after

admission, yet her observations were infrequent and no

action was taken despite her failure to improve. It was not

until she collapsed several hours later that antibiotics and

aggressive treatment were commenced but too late. A vaginal

swab taken on admission grew Group A streptococci.

A detailed history of symptoms is important to help diag-

nosis. Possible signs and symptoms are given in Box 7.1.

Unusual anxiety, panic and restlessness may be the result

of serious underlying illness:

A GP called to see a woman because of nausea, breathless-

ness and severe ‘after pains’ a few days after postnatal dis-

charge noted that she had a fast pulse and seemed ‘nervous

and worried’ and arranged hospital admission. A doctor

who saw her some time later observed that she was generally

unwell, seemed very anxious about being in hospital, and

looked ‘terrified’. No one recognised how ill she really was,

antibiotics were late and inadequate, and no consultant was

involved in her care until she arrested a few hours later.

Investigation and follow up
The cases discussed here illustrate various clinical scenarios

and also demonstrate that sepsis can mimic other condi-

tions such as gastroenteritis, ectopic pregnancy, placental

abruption, mastitis, pulmonary infection and pulmonary

embolism and must be included in the differential diagno-

sis of these conditions. The clinical picture in sepsis does

not always reflect the severity of the underlying illness. This

is a common problem in obstetric morbidity—the onset of
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sepsis may be insidious where young, healthy women can

maintain a normal pulse and blood pressure until the late

stages of an acute disease, before suddenly becoming

shocked, by which time it may be too late for effective

treatment (Box 7.2).

Although a high white cell count and pyrexia are usual,

sepsis is sometimes accompanied by leucopenia or hypo-

thermia, which can mislead carers into underestimating the

severity of illness and losing valuable hours before starting

appropriate treatment. Neutropenia, caused by bone mar-

row suppression, is an ominous sign. The significance of a

falling white cell count may not be appreciated unless serial

results are reviewed.

One woman had a very high C-reactive protein and falling

white cell count followed by diarrhoea in the days after

delivery. The significance of this was not appreciated until

she became very ill. Earlier recognition of sepsis and earlier

consultant involvement might have resulted in a different

outcome by more aggressive treatment with broad-spectrum

high-dose intravenous antibiotics.

Results of investigations must be followed up promptly.

If investigations are urgent, this should be made clear on

the request form and telephone contact should be made if

appropriate. There should be a robust system for recording

and charting investigations performed, obtaining results

quickly, and ensuring that abnormal results are highlighted

and followed up. A simple table to record all blood results

day by day on a single page is a good way to show trends

and highlight abnormal results but is not routine practice

in all units.

Box 7.1. Signs and symptoms of sepsis

• Pyrexia is common, but a normal temperature does not exclude sepsis. Paracetamol and other analgesics may mask pyrexia, and this should be

taken into account when assessing women who are unwell.

• Hypothermia is a significant finding that may indicate severe infection and should not be ignored.

• Swinging pyrexia and failure to respond to broad-spectrum intravenous antibiotics is suggestive of a persistent focus of infection or abscess.

• Persistent tachycardia >100 b.p.m. is an important sign which may indicate serious underlying disease and should be fully investigated.

• Tachypnoea is sepsis until proved otherwise—persistently increased respiratory rate >20 breaths/minute is a significant clinical finding that can

also indicate other serious pathology, such as pulmonary oedema, pneumonia, thromboembolism or amniotic fluid embolism, and impending

cardiac arrest.

• Leucopenia <4 · 109 white blood cells/l is a significant finding that may indicate severe infection.

• Diarrhoea is a common and important symptom of pelvic sepsis. Diarrhoea and/or vomiting in a woman with any evidence of sepsis is a very

serious sign and an indication for commencing immediate broad-spectrum intravenous antibiotic therapy.

• Severe lower abdominal pain and severe ‘after-pains’ that require frequent analgesia or do not respond to the usual analgesia are also common

important symptoms of pelvic sepsis. In some cases, very severe lower abdominal pain may be the result of the action of bacterial toxins on the

bowel wall. On rare occasions overwhelming streptococcal infection can present with generalised abdominal pain in the absence of pyrexia and

tachycardia.

• An abnormal or absent fetal heart beat with or without placental abruption may be the result of sepsis.

Box 7.2. If sepsis is suspected: prompt investigation and follow up

• Infection must be suspected and actively ruled out when a pregnant or recently delivered woman has pyrexia, persistent bleeding or abdominal

pain, especially if the pain is constant and severe, or if there is a history of prolonged rupture of membranes, chorioamnionitis or any other

infection. Investigations include an ultrasound scan to check for retained products of conception and diagnostic evacuation of retained products

of conception considered if there is still doubt; haemoglobin, white cell count and C-reactive protein; blood cultures if pyrexia >38�C; and

swabs (throat, vagina), midstream urine and any other relevant samples (e.g. sputum, breast milk, stool) for microbiology. High-dose broad-

spectrum intravenous antibiotics should be commenced immediately, without waiting for microbiology results.

• Elevated C-reactive protein is an early marker of infection that should alert carers to make regular observations of vital signs, initiate investiga-

tions to locate a source of infection, and consider whether antibiotic treatment is indicated.

• A throat swab should be taken when a pregnant or recently delivered woman presents to healthcare with a sore throat or respiratory symp-

toms, and there should be a low threshold for antibiotic treatment (see the new Back to basics section at the start of this Report).

• If infection is suspected during labour or delivery (e.g. pyrexia, smelly liquor, smelly baby, unexpectedly flat baby at birth), swabs for microbiol-

ogy should be taken from the vagina, placenta and baby (ear, throat, skin). The placenta should be sent for histology. The paediatric team

should check the baby and consider performing a septic work-up. The woman and her baby should not be discharged from hospital until the

results are available, or at the very least with good arrangements for follow-up and full information, and liaison with her community carers.
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Early treatment
As in previous Reports, delays in recognising sepsis, pre-

scribing antibiotics and seeking consultant help were com-

mon. Immediate aggressive treatment in the first ‘golden

hour’ or so offers the best hope of recovery, as each hour

of delay in achieving administration of effective antibiotics

is associated with a measurable increase in mortality.8 One

of the most important key recommendations for sepsis is

that adequate doses of systemic antibiotics started promptly

may prevent infection becoming established and may be

life-saving.

Antibiotics were sometimes prescribed in inadequate

doses, were given orally rather than intravenously, were

given too late or were discontinued too soon. Initial treat-

ment with broad-spectrum intravenous antibiotics may have

prevented pelvic sepsis in some women and septicaemia in a

woman admitted in the third trimester with SROM and

symptoms of chorioamnionitis. In another case, attention

centred on fetal decelerations in a woman who was hypoten-

sive, tachycardic and hypothermic, and antibiotics were not

commenced for some hours after admission.

Further information about the treatment of maternal

sepsis is given in Box 7.3 and in Chapter 16 and should be

read in conjunction with this section.

Clinical issues

Fluid balance and pulmonary oedema
Fluid overload may have contributed to the outcome for a

few women who were given large volumes of intravenous

fluid over a short time and developed pulmonary oedema

shortly before they died. In one example, a very sick

Box 7.3. Sepsis: antibiotic therapy

Surviving Sepsis Guidelines8 recommend that:

• Intravenous antibiotic therapy be started as early as possible and within the first hour of recognition of septic shock and severe sepsis without

septic shock, as each hour of delay in achieving administration of effective antibiotics is associated with a measurable increase in mortality.

• Appropriate cultures should be obtained before initiating antibiotic therapy but should not prevent prompt administration of antimicrobial therapy.

• Initial empirical anti-infective therapy should include one or more drugs that have activity against all likely pathogens and that penetrate in

adequate concentrations into the presumed source of sepsis, as failure to initiate prompt and effective treatment correlates with increased

morbidity and mortality; women with severe sepsis or septic shock warrant broad-spectrum therapy until the causative organism and its antibiotic

sensitivities have been defined.

• All women should receive a full loading dose of each antimicrobial, but as women with sepsis or septic shock often have impaired renal or hepatic

function, measuring serum levels may be necessary, and advice about further doses should be sought from the critical-care team or a consultant

physician.

• The antimicrobial regimen should be reassessed daily to optimise activity, to prevent the development of resistance, to reduce toxicity and to

reduce costs. If and when a specific organism is identified, antibiotic therapy can then be modified to the most appropriate regimen.

• Duration of therapy should be typically 7–10 days; longer courses may be appropriate in women who have a slow clinical response, undrainable

focus of infection, or immunological deficiencies, including neutropenia. Blood cultures will be negative in >50% of cases of severe sepsis or

septic shock, even though these cases are very likely to be caused by bacteria or fungi, so that decisions to continue, narrow, reduce or stop

antimicrobial therapy must be made on the basis of clinical judgement and clinical information.

• Choosing the most appropriate antibiotic regimen may be complex and advice should be sought from a consultant microbiologist as soon as

possible. This should never delay urgent treatment, and some suggested choices of initial empirical intravenous antibiotic therapy in genital tract

sepsis are outlined below:

Where the organism is unknown and the woman is not critically ill:

co-amoxiclav 1.2 g 8-hourly plus metronidazole 500 mg 8-hourly

or

cefuroxime 1.5 g 8-hourly plus metronidazole 500 mg 8-hourly

or

cefotaxime 1–2 g 6- to 12-hourly plus metronidazole 500 mg 8-hourly

• In cases of allergy to penicillin and cephalosporins, clarithromycin (500 mg twice daily or clindamycin (600 mg to 1.2 g by intravenous infusion

three or four times daily) plus gentamicin to give Gram-negative cover are possible alternatives while waiting for microbiological advice.

• In severe sepsis or septic shock (seek urgent microbiological advice):

Piperacillin–tazobactam 4.5 g 8-hourly or ciprofloxacin 600 mg 12-hourly plus gentamicin (3–5 mg/kg daily in divided doses every 8 hours by

slow intravenous injection).

• A carbapenem such as meropenem (500 mg to 1 g 8-hourly by intravenous injection over 5 minutes or by intravenous infusion) plus gentamicin

may also be added.

• Metronidazole 500 mg 8-hourly may be considered to provide anaerobic cover.

• If Group A streptococcal infection is suspected, clindamycin (600 mg to 1.2 g by intravenous infusion three or four times daily) is more effective

than penicillin as it inhibits exotoxin production.12

• If there are risk factors for MRSA, add teicoplanin 10 mg/kg 12-hourly for three doses then 10 mg/kg 24-hourly or linezolid 600 mg twice

daily.
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woman was given several litres of fluid over a few hours,

after which she developed severe chest pain and breathless-

ness, followed by frank pulmonary oedema and cardiac

arrest. Another woman with high urea and creatinine and

minimal urinary output despite two litres of fluid had

acute renal failure, but dehydration was diagnosed and

some additional litres of fluid over a few hours were pre-

scribed inappropriately.

Fluid balance is difficult to manage in septic shock. Sep-

tic shock may be defined as sepsis with hypotension which

is refractory to fluid resuscitation. Hypotension is the result

of loss of vasomotor tone causing arterial vasodilation

along with reduced cardiac output because of myocardial

depression, and there is also increased vascular permeability

so that fluid leaks into the extravascular compartment.

Renal failure and use of oxytocic drugs, which are anti-

diuretic, may compound the problem.

Careful monitoring of fluid balance is important. Clear,

accurate records of all intravenous fluids given and urinary

output and any other fluid loss should be kept and charted

so that significant fluid deficit or excessive input can be

easily detected. Although aggressive fluid resuscitation is

usually needed in severe sepsis and septic shock, this

should always be under close monitoring to evaluate the

woman’s response and avoid the development of pulmo-

nary oedema.8 Vasopressors are usually required, and a

central venous pressure line may help to monitor fluid bal-

ance. It is essential to involve the anaesthetic and critical-

care teams as early as possible in the care of such critically

ill women.

Fluid balance in septic shock:
learning points

Septic shock is sepsis with arterial hypotension that is

refractory to fluid resuscitation.

Fluid overload may lead to fatal pulmonary or cerebral

oedema.

Clear, accurate documentation and careful monitoring

of fluid balance is essential to avoid fluid overload in

women who are unwell, especially when hourly urine

output is low or renal function is impaired. The advice

of an anaesthetist and the critical care team should be

sought at an early stage.

Sustained increase in respiratory rate >20 breaths/minute

or low oxygen saturation despite high-flow oxygen are

significant clinical findings that should prompt urgent

examination of the lung fields, lower limbs (for evidence

of deep vein thrombosis), arterial blood gas measure-

ment, electrocardiogram, and consideration of chest X-

ray and ventilation perfusion scan to rule out problems

such as pulmonary oedema, embolus or infection.

Removing the source of sepsis
The focus of infection should be identified as a priority,

and, if surgery is necessary to remove the source of sepsis,

it should be carried out earlier rather than later or as a

last resort—whether laparotomy, evacuation of suspected

retained products of conception, or other procedure. Lapa-

rotomies were performed in several of the women with

the aim of identifying and removing the septic focus.

Deciding whether to operate is difficult, particularly when

a woman is already critically ill and there is a high risk of

massive haemorrhage. It is important to stabilise the

maternal condition as far as possible before giving anaes-

thesia, which may further destabilise the woman, and to

ensure that adequate cross-matched blood and blood

products are readily available. When there is massive ato-

nic uterine haemorrhage, conservative measures such as

carboprost may be tried, but if response to initial doses is

poor, hysterectomy undertaken sooner rather than later

may be lifesaving. In most cases laparotomy was under-

taken as a last resort, but in a few cases earlier interven-

tion may have changed the outcome. In one woman

whose uterus was clearly infected, hysterectomy was con-

sidered but decided against because she was critically ill

and surgery was considered too risky; in retrospect it

might have offered a chance of survival.

Operative intervention: learning
points

Persistent or swinging pyrexia and failure to respond to

treatment may be the result of a persistent deep-seated

focus of infection. Every effort should be made to locate

and deal with the source of sepsis. Computed tomogra-

phy is a useful investigation but may not show soft tis-

sue changes clearly, so magnetic resonance imaging

should also be considered.

If the uterus is the primary focus of postnatal infection,

retained products should be excluded by ultrasound

scan and exploration of the uterine cavity considered if

there is still doubt. Hysterectomy should be considered

at an early stage, even if the woman is critically ill,

because it may be lifesaving.

Before surgery, adequate cross-matched blood and

blood products should be requested and the maternal

condition should be stabilised as far as possible.

Carboprost can be effective in the treatment of uterine

atony but has serious adverse effects, including airway

constriction and pulmonary oedema, so it should be

used with great caution—especially if multiple doses are

required. If there is no response to one or two doses,

other methods of dealing with the situation, such as

hysterectomy, must be considered.
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Laparotomy for suspected intra-abdominal infection

should involve a general surgeon as well as an obstetri-

cian, as surgeons have a fundamentally different

approach to laparotomy and are more likely to make a

mid-line incision to allow full exploration of the

abdominal cavity.

Leadership and continuity of care

When managing complex cases, it must be clear who is in

charge of the woman’s care. This is particularly important

when an unwell pregnant woman presents to the Emergency

Department rather than the Maternity or Gynaecology

Departments, as there may be a tendency for everyone to

assume that someone else is looking after her. In one case,

although several doctors were involved in one woman’s early

care, no consultant took overall responsibility, nor were anti-

biotics given, until she collapsed over 24 hours after admis-

sion, by which time the outcome was inevitable.

Documentation and communication
Many different medical, nursing and midwifery staff may

be involved in the ongoing care of an unwell woman and

each may see her only once or twice. This makes the assess-

ment of any changes in the woman’s condition very diffi-

cult. In some of the cases already discussed in this Chapter,

the mother’s vital signs were either not recorded routinely

or their significance was not recognised. One of the ‘Top

ten’ recommendations in the last Report was for routine

use of a MEOWS chart to help in the more timely recogni-

tion, treatment and referral of women who have, or are

developing, a critical illness. A MEOWS chart is the easiest

way to see trends in a woman’s condition and to alert staff

to take appropriate action or call for help. For example:

A woman in late pregnancy with a short history of sore

throat, vomiting, diarrhoea and abdominal pain was tachy-

cardic and hypotensive on admission. Sepsis was not diag-

nosed for some hours.

The severity of her condition might have been recognised

sooner if a MEOWS chart had been used, and earlier antibi-

otic treatment and multidisciplinary care in a high-depen-

dency setting might possibly have changed the outcome.

Involvement of other staff
Anaesthetic and critical-care staff play a vital part in the

effective management of sepsis and should be involved as

early as possible, particularly when there is circulatory or

respiratory failure. For six women, also discussed in Chap-

ter 8, there were significant delays in seeking help from an-

aesthetists and critical-care specialists.

In some cases, hospital departments seemed to be very

busy and staff were said to be overstretched, although it is

not clear if this was directly related to the outcome. For

example, it took several hours for two ill women to be seen

by a doctor or obstetric team because they were said to be

very busy elsewhere. The husband of another very sick

woman complained about the wait in a busy maternity unit

and was told that, as his wife was not seriously ill, the doctor

was seeing other more urgent patients. She died shortly after.

Apart from the women whose rapidly fulminating dis-

ease meant they died at home or shortly after admission in

the Emergency Department, most other women died in

critical care or operating theatres, reflecting the gravity of

their condition. However, a few died in hospital wards,

illustrating that seriously ill women were sometimes man-

aged in inappropriate settings with inexperienced staff

looking after them.

Sometimes there was a lack of co-ordinated care and lit-

tle or no support from senior staff when requested, but

there were also many examples of excellent teamwork. For

example, as the assessors noted:

This woman was extremely ill on admission and could not

have been saved. Her care could not have been better.

Everyone, including consultants, was called and attended

extremely promptly, even though it was the middle of the

night. The teamwork was excellent.

For most cases, there was a critical review by the Trust,

and some also invited external assessment. Some of these

reviews were excellent, but, as with other cases counted in

other chapters, many focused on irrelevant issues and failed

to identify major elements of substandard care or to learn

anything from the event. Recitfying this is an overall rec-

ommendation in this Report.

Disclosure of interests
None.

Funding
This work was undertaken by the Centre for Maternal and

Child Enquiries (CMACE) as part of the CEMACH pro-

gramme. The work was funded by the National Patient

Safety Agency; the Department of Health, Social Services

and Public Safety of Northern Ireland; NHS Quality

Improvement Scotland (NHS QIS); and the Channel

Islands and Isle of Man.

References

1 Health Protection Agency. Interim UK guidelines for management of

close community contacts of invasive group A streptococcal disease.

Health Protection Agency, Group A Streptococcus Working Group.

Commun Dis Public Health 2004;7:354–61.

Chapter 7: Sepsis

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 95



2 Lamagni TL, Efstratiou A, Dennis J, Nair P, Kearney J, George R,

et al. Increase in invasive group A streptococcal infections in Eng-

land, Wales and Northern Ireland, 2008–9. Euro Surveill 2009;14:

pii: 19110.

3 Royal College of Obstetricians and Gynaecologists. Preterm prela-

bour rupture of membranes. Green-top Guideline Number 44. Lon-

don: RCOG, 2006 [www.rcog.org.uk/womens-health/clinical-

guidance/preterm-prelabour-rupture-membranes-green-top-44].

Accessed 9 October 2010.

4 Health Protection Agency. Group A streptococcal infections: 2007/

08 seasonal update. Health Protection Report, Health Protection

Agency News Arch. Volume 2, No. 15; 11 April 2008.

5 The Management of Sickle Cell Disease. National Institutes of

Health. National Heart, Lung and Blood Institute, Division of Blood

Diseases and Resources. NIH Publication No. 02-2117, 4th edn.

Bethesda (MD): NIH, 2002. pp. 146.

6 Royal College of Obstetricians and Gynaecologists. The Care of

Women Requesting Induced Abortion. Evidence-based Clinical

Guideline Number 7. Guideline Summary. London: RCOG, 2004

[www.rcog.org.uk/womens-health/clinical-guidance/care-women-

requesting-induced-abortion]. Accessed 9 October 2010.

7 Abdalla J, Saad M, Samnani I, Lee P, Moorman J. Central nervous

system infection caused by Morganella morganii. Am J Med Sci

2006;331:44–7.

8 Dellinger RP, Levy MM, Carlet JM, Blon J, Parker MM, Jaeschke R,

et al. Surviving Sepsis Campaign: International guidelines for man-

agement of severe sepsis and septic shock: 2008: [published correc-

tion appears in Crit Care Med 2008;36:1394–6]. Crit Care Med

2008;36:296–327.

9 National Collaborating Centre for Women’s and Children’s Health.

Intrapartum Care. Care of Healthy Women and Their Babies Dur-

ing Childbirth. Clinical guideline 55. London: RCOG Press, 2007.

pp. 206 [www.guidance.nice.org.uk/CG55]. Accessed 9 October

2010.

10 National Collaborating Centre for Women’s and Children’s Health.

Caesarean Section. Clinical Guideline. National Institute for Health

and Clinical Excellence. London: RCOG Press, 2004 [www.guid-

ance.nice.org.uk/CG13]. Accessed 9 October 2010.

11 Royal College of Obstetricians and Gynaecologists. The Management

of Third- and Fourth-Degree Perineal Tears. Green-top Guideline

Number 29. London: RCOG, 2007 [www.rcog.org.uk/womens-

health/clinical-guidance/management-third-and-fourth-degree-peri-

neal-tears-green-top-29]. Accessed 9 October 2010.

12 Morgan MS. Diagnosis and management of necrotising fasciitis: a

multiparametric approach. J Hosp Infect 2010;75:249–57.

96 ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203

Harper



Annex 7.1. A possible future approach to case
definitions
Sebastian Lucas

Background

In previous triennial maternal deaths reviews, as in this,

almost all deaths due to Group A beta-haemolytic Strepto-

coccus pyogenes (GAS), as well as other infections that can

be related to pregnancy or delivery, have been discussed

and counted in Chapter 7: Sepsis as Direct maternal

deaths from genital tract infection. Other infections unre-

lated to the genital tract but whose effects might have

been amplified by the altered immune state of pregnancy,

such as tuberculosis, pneumococcal meningitis and pneu-

monia, fungal infections and HIV disease are generally

considered as Indirect maternal deaths and counted in

Chapter 10. Similarly, although the 2009–10 H1N1 influ-

enza epidemic occurred after this triennium, such cases

will be discussed in the next Report and considered to be

Indirect deaths.

Under ‘genital tract sepsis’ in the last Report, for 2003-5,

GAS and E.coli were the commonest causes of infection,

and these were considered by subsets: sepsis in early preg-

nancy; sepsis before delivery; sepsis after vaginal delivery

(puerperal sepsis); sepsis after surgery; sepsis before or dur-

ing labour. In the current Report these divisions continue

to enable trend analysis, especially since the death rates

from GAS have increased, but this Annex explores the pos-

sibility of using a new system for classifying pregnancy-

related sepsis. This is based on practical experience of sep-

tic deaths in pregnant and non-pregnant women, reviews

of the 2006-08 cases and of the literature, as well as discus-

sions with microbiologists.

As a result, this Annex proposes that, under the sys-

tem outlined here, about one third of the deaths in this

triennium which would currently be considered to be

pregnancy-related sepsis, would be no longer classifiable

as due to Direct or Indirect causes. Instead, they may

actually be Coincidental to pregnancy. The new system

may provide a more useful way of considering remedi-

able factors and of determining the source of infection

and whether it is a hospital care associated infection

(HCAI) or community-acquired. Of these, the latter cate-

gory of community-acquired infections are likely to be

the majority.

The WHO classification of puerperal
sepsis

The World Health Organisation (WHO)1 in 1995 stratified

and classified puerperal infections as follows:

Puerperal infections – general

• Puerperal sepsis and urinary tract infection

• Infections related to the birth process, but not of the

genito-urinary tract

• Incidental infections

Puerperal sepsis is then described as follows:

Infection of the genital tract occurring at any time

between rupture of membranes or labour, and the 42nd

day postpartum, in which two or more of the following are

present;

• Pelvic pain

• Fever

• Abnormal vaginal discharge

• Abnormal smell of discharge

• Delay in reduction of size of uterus.

A proposed new pathogenetic
classification of sepsis in pregnancy

The WHO system is a clinical case definition, not a patho-

logical classification, and mainly intended for application

in resource-poor (ie diagnostic pathology-poor) settings.

The proposed new classification system suggested here

builds on the above concepts. It is based on consideration

of the:

• timing of infection

• source of infection

• route of infection into mother

• role of operative interventions

• type of bacterial infection

• pathology – gross and histopathological

The proposal identifies five main categories. These are

shown in Table A7.1 together with an analysis of how the

maternal deaths from sepsis assessed by this Enquiry in the

United Kingdom for 2006-08 would satisfy these criteria.

It is important to note the classifications and numbers

discussed in this Annex are only suggestions, and for this

triennium the figures quoted in Chapter 7 must be used

as they help identify trends and rates as well as contain

Annex 7.1. A possible future approach to case definitions
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valuable lessons and recommendations. There is inevitably

not an exact match between the cases considered in

this Annex and the cases discussed in Chapter 7, since

the new classification is more inclusive. However,

whatever the new classification system proposes and

whatever type of death is ascribed to the case, it must be

noted that valuable and important lessons remain to

be learnt from all of these deaths, irrespective of case

definition.

Discussion of cases for 2006–08 by
proposed category of sepsis

Category 1: Unsafe abortion
There were no cases in this triennium, but there was one

in 2003–5. Nonetheless, this is an important cause of mor-

tality in resource-poor countries. Any such deaths are

obviously Direct maternal deaths.

Category 2: Presenting with infection and rupture
of membranes
The majority of these six women had presented by

22 weeks’ gestation; the others presented later in the second

trimester or at term. They had documented chorioamnioni-

tis and/or endomyometritis (CAE). The infecting organisms

were gram-negative bacilli - E.coli (n = 3), Staph aureus

(n = 1), Morganella sp (n = 1), or of unknown type

(n = 1); none were streptococcal. The women with positive

E.coli blood cultures had the bacteraemias sampled in life,

not at autopsy. The staphylococcus case was identified with

autopsy uterus and spleen culture.

Sickle cell disease (HbSS or SC phenotype – it was not

distinguished) was probably a co-factor in one case.

Another had chorio-amnionitis and fetal amniotic infection

syndrome, whose placental culture grew Morganella spp. A

few weeks later she presented with and died of purulent

meningitis with brain abscesses (not cultured). There was

no autopsy but, on balance, it is considered that the cere-

britis related to the septic miscarriage.

Another patient who presented at 41 weeks with ROM

and fever (no organism identified) was given amoxicillin,

to which she was allergic, and died of anaphylactic shock.

The autopsy was good, with demonstration of chorio-

amnionitis, and extensive neuropathology, but did not

include mast cell tryptase analysis; evidently the pathologist

had not encountered this acute anaphylactic scenario

before. Fortunately that blood test had been done in life to

confirm the pathogenesis.

Table A7.1 Proposed new categories for maternal deaths from sepsis classification system and the number of cases* that would be included

using this system. United Kingdom: 2006-08

Category Number Case definition Proposed new classification of

maternal deaths

1 Unsafe abortion 0 Unsafe /illegal termination of

pregnancy

Direct

2 Ruptured membranes (genital

tract sepsis)

6 Presenting with genital tract

infection at time of ‘spontaneous’

ruptured membranes

Direct

3 Post-delivery (genital tract sepsis). 14 Vaginal or caesarean delivery, or

termination of pregnancy, or

other intervention; a ‘‘well interval’’

– one day to weeks; with genital

tract infection as evidenced by

clinical, microbiological and

histological features.

Direct or Indirect depending on

each case, timing and route

of infection

Direct 6

Indirect 8

4 Community acquired sepsis

in pregnancy

11 Membranes intact, not in labour,

bacteraemic sepsis

Coincidental

5 Severe post-partum sepsis

related to the birth process

but genital tract not involved

5 Various scenarios eg spinal

anaesthesia, Caesarean section

wound infections

Direct

6 Other, co-incidental infections.

Not discussed further here.

Not stated and not

discussed here

eg pneumonia, IVDU-associated

endocarditis, HIV/TB, traditionally

classified as Indirect deaths.

Coincidental

Total 36 Direct deaths 17

Indirect deaths 8

Coincidental deaths 11
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All these deaths should be regarded as Direct, i.e. they

almost certainly would not have happened when they did if

the patient had not been pregnant (this logically includes

the anaphylaxis death also).

Category 3: Sepsis post-delivery (genital tract
sepsis).
Fourteen women fall into this category. Following vaginal

or caesarean delivery, termination of pregnancy (TOP) or

miscarriage, there is a ‘‘well interval’’ ranging from one day

to weeks; with genital tract infection as evidenced by clini-

cal, microbiological and histological features.

This category includes the ‘Semmelweis scenario’ of

post-partum overwhelming GAS infection via the genital

tract, where the agent might have come from the patient’s

midwife or doctors2. However, as will be seen, this was

potentially possible in only 5 of the cases. From review of

the circumstances, the majority of the women died of

infections that were present in their lower gut flora (eg

E.coli or staphylococci) or were acquired post-partum from

the community.

This group is sub-divided into those women who devel-

oped sepsis whilst still in hospital (n = 2) and those who

were re-admitted septic from home (n = 12). They can also

be sub-divided into those who had caesarean section

(n = 3), vaginal delivery (n = 8), miscarriage (n = 1), or

termination of pregnancy (n = 2).

The infecting agents comprise faecal flora (n = 4), which

is subcategorised as E. coli (n = 2, one of which was ESBL),

Staph aureus (n = 1) and Clostridium septicum (n = 1);

GAS (n = 6); pneumococcus (n = 2); MRSA (n = 1) and

one unknown agent.

The two women who died following a termination of

pregnancy had accidental perineum-derived infections.

Staph aureus caused a disseminated necrotising infection in

one woman who presented a few days later; at autopsy, the

uterus was not perforated. The other woman developed a

disseminated necrotising infection due to Clostridium septi-

cum several weeks after TOP. A third woman had a trau-

matic vaginal delivery where a tear developed into a recto-

vaginal fistula and necrotising fasciitis due to the virulent

ESBL E. coli.

Three women died after caesarean section (CS). All had

ascending endomyometritis, presenting within a week of

operation. The organisms were respectively GAS, MRSA

and E.coli; in the latter case, a serious co-morbidity was

chronic fibrosing eosinophilic myocarditis, which doubtless

exacerbated the infection.

The timing of the post-vaginal delivery GAS (n = 5) and

pneumococcal (n = 2), and the post-CS GAS (n = 1),

infections is important. Clinical sepsis developed from 2 to

35 days post-delivery, with a median of five days, and all

had gone home. Where an autopsy had been done, all had

endomyometritis, i.e. ascending genital tract sepsis. From

the known rapidity of progression of GAS infection, it is

thus likely that most, if not all, of these infections were

acquired in the community and not from any hospital

staff.

Two vignettes illustrate some of the problems in evaluat-

ing deaths in this category:

A woman had a normal vaginal delivery in hospital but

collapsed at home some days later. After rapid transfer to

the Emergency Department, the initial clinical evaluation

was pulmonary embolism (PE), and she was given strepto-

kinase but died shortly after. The autopsy found no embo-

lism but grew Streptococcus pneumoniae in the blood.

The genital tract was also inflamed, indicating ingress of

the pneumococcus via the vagina. The clinicians disputed

the absence of PE, querying whether thrombolysis could

actually remove all the evidence of PE at autopsy. Consul-

tation with many pathologists and reviewing the limited lit-

erature strongly support the contention that up to two

hours of resuscitation with thrombolysis cannot dissolve

large pulmonary emboli.

Another woman was treated for Group B Streptococcus

colonisation of the genital tract in her second trimester. She

seemed well and delivered vaginally at term. Some weeks

later, she re-presented septic; her blood culture identified

GAS, but, despite antibiotics, she died in multi-organ fail-

ure a few days later. There was no autopsy.

It is not certain that pregnancy or delivery was the cause

of this death, as it seems more probable that she suffered

Table A7.2 The causes of the infections listed in Table A7.1. This

includes all Direct deaths from Sepsis in Chapter 7 and Indirect

deaths in Chapter 10

Organisms Number and percent

of cases

Group A Streptococcus pyogenes (GAS) 14 (39%)

E.coli 5 (14%)

Streptococcus pneumoniae 4 (11%)

Staphylococcus aureus

(Methicillin-resistant

Staphylococcus aureus MRSA 1)

4 (11%)

Clostridium septicum 1 (3%)

Morganella sp Morganella morganii 1 (3%)

Gram-negative rods not otherwise

specified

1 (3%)

Not known 6 (17%)

Total 36 (100%)
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the same infection scenario as described in the next section

where such deaths are considered Coincidental.

Are these deaths Direct or Indirect? For the GAS and

pneumococcal infections that occurred some days after

vaginal or CS delivery, eight in all, it is arguable that

these are community-acquired infections and that the

genital tract, traumatised by delivery, was a more

susceptible substrate for entry of infection, i.e. they are

Indirect.

Category 4: Admitted with severe sepsis from the
community, membranes intact, not in labour at
onset of illness.
These eleven women form a most interesting group of sep-

sis patients, traditionally classified as Direct deaths from

genital tract sepsis but, under the proposed new classifica-

tion system, are now considered to be Coincidental. Where

the organism was known, it was GAS (n = 6) and the

pneumococcus (n = 2). Eight of the women were in the

third trimester, one in the first, and two in the second.

Only one was obese.

Nine women presented in septic shock (GAS n = 6,

pneumococcus n = 1, not known n = 2) and two with

meningitis (pneumococcus n = 1, CSF mixed growth

n = 1). The clinical presentation was generally rapid: six of

the eleven died either at home or within 24 hours’ admis-

sion to hospital. Eight of eleven were delivered (two

through peri-mortem caesarean section). A typical case is

described below:

A woman with small children nearing the end of pregnancy

had a sore throat then presented very ill to hospital. DIC

and low platelets were identified, and pre-mortem blood

culture grew GAS. She died a few short hours after delivery.

The autopsy found DIC, excluded AFE, and noted the

absence of chorio-amnionitis.

Sepsis was not considered in several of those admitted or

there was delay in undertaking blood cultures to test for it.

A woman with pneumococcus had the sickle HbSC pheno-

type as a risk factor, which had not been recorded properly

in her medical notes as she was thought only to have sickle

trait, HbAS.

The autopsies (n = 9) were mostly done adequately, and

in two cases the positive microbiology came from autopsy

samples. DIC was noted in four cases. In two others there

was lack of examination of the genital tract, including the

placenta, cord and membranes.

Thus, in only five of these eleven cases were there histo-

pathological information on the presence or absence of

chorio-amnionitis, funisitis and endomyometritis (CAE)

and, intriguingly, none indicated inflammation of the geni-

tal tract. That placental cultures in some cases grew GAS

indicates infection in the blood but does not specify actual

tissue inflammation. (In other cases outside this series, in

the same taxonomic category and known to the author,

there is also no CAE). This raises the question as to how

the infection gets into the mother. This scenario of preg-

nancy-related sepsis, though dominated by GAS infection,

is pathogenetically nothing to do with a category 3 type,

classical ‘Semmelweis syndrome’ of direct peri-partum

infection of the genital tract.

Five of the six women with GAS had a history of a ‘sore

throat’, indicating the source of infection was from the

community (possibly from their other children at school).

Whether the bacterium passes directly from the nasophar-

ynx into the blood stream, or goes from nasopharynx to

hand to vagina, ascending the genital tract into blood

stream, is not clear.

Both have been documented3. If it goes via the latter

route, it appears to happen so quickly that there is no

induction of inflammation in the genital tract. GAS is car-

ried transiently in the vagina in a small proportion of third

trimester women (about 0.03% on cross-sectional studies)4;

the pneumococcus is also carried in some women5.

The other important pathogenetic issue is whether

women are susceptible to these overwhelming bacterial

infections by the nature of being pregnant, in any of the

trimesters. Whilst there is good evidence for a temporary

cell-mediated immunosuppresssion due to pregnancy (and

influencing the course of mycobacterial infections, some

viruses, and listeriosis), there is none such for pyogenic

bacterial infections. Central UK surveillance of GAS infec-

tions indicate that in the 15-44 year age group, the rate of

GAS bacteraemia is low at 1.5/100,000 women per year,

and it is only in this age range that slightly more women

than men acquire this infection. But there is currently no

collection of data on co-morbidities or status such as preg-

nancy to provide more useful epidemiological informa-

tion6.

In conclusion, it may be that in this significant group of

pregnant women who die of overwhelming sepsis, the preg-

nancy per se has nothing to do with the infection, i.e. the

deaths are Coincidental. It is important that further epide-

miological studies, in conjunction with better clinico-patho-

logical investigations, be done to understand more about this

particular, very concerning scenario of sepsis in pregnancy.

Category 5: Post-partum sepsis directly related to
delivery, but not involving the genital tract.
Five women died of overwhelming infection that, in all but

one, was acquired whilst in hospital care. Two of them

were neurological in origin:

A woman delivered twins before term. Her blood pressure

rose, but the diagnosis of pre-eclampsia was not immedi-

ately recognised. Despite MgSO4, her hypertension contin-

Lucas
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ued. She complained of headache (but no seizure), and a

scan showed intra-ventricular haemorrhage. An intra-ven-

tricular drain was inserted, which became infected with

GAS, and she died more than a week after delivery. Inter-

estingly, the pathologist did a good autopsy, with neuro-

pathological consultation, but missed the point that the

fundamental cause of death was not classical post-partum

GAS sepsis but eclampsia with unintended complications of

management.

The other case, counted in Chapter 8: Anaesthesia, was

even more uncommon but reflects again on the necessity

of strict aseptic technique.

A mother had a caesearan section (CS) under spinal anaes-

thesia, without evident entry-site infection, and was dis-

charged a few days later. She retuned shortly after with

headache, photophobia and neck stiffness. Despite neurosur-

gical relief and biopsy, she deteriorated and died. At

autopsy there was a spinal abscess and, in the cerebrum,

acute haemorrhagic leukoencephalopathy (AHL). The AHL

is probably related to the spinal infection (a rare auto-

immune response to infection), and the spinal infection is

probably related to the anaesthesia (ie the application of

Occam’s razor).

Two of the other cases had post-CS infection that

resulted in fatal septic shock. In one case of a staphylococ-

cal CS wound infection, the mother died some weeks after

a laparotomy which demonstrated peritonitis. As expected,

the autopsy could contribute little to the analysis apart

from confirming acute lung injury from shock. But it was

deficient in not examining well the intestines nor the

uterus, and, bizarrely, the pregnancy and caesarean section

facts were omitted from the cause of death sequence. In

the other case, a forensic autopsy on a patient who had

had a complicated CS delivery and collapsed at home failed

to identify the evident intra-abdominal source of infection

beyond finding pus in the rectus muscle and subphrenic

space.

A final case is an example of rapidly progressing GAS

infection presenting in an unusual fashion – post-delivery

nipple infection and then necrotising mastitis - and not

being sufficiently rapidly appreciated by the GP. It is also

discussed in the Sepsis, General Practice and Critical Care

chapters. This has to be considered as a community-

acquired infection, as it happened a few days after dis-

charge home, and presumably the infection travelled from

the oro-pharynx of the patient through a defect of the nip-

ple skin, and into the blood.

Thus all five patients in this category undoubtedly had

Direct death fatal sepsis: if they had not been pregnant they

would not have died.

Sepsis: Pathological good practice
points for autopsy

1. Unless sepsis cannot be pertinent to the case (eg road

traffic death), all maternal autopsies should have

blood cultures taken before the body is opened; if

pre-mortem samples are available, the results must

be accessed

2. Blood samples are taken from the neck and chest

only; any site below the umbilicus or within the

opened body will be contaminated by faecal flora

3. Foci of sepsis within the body (eg uterus, lung,

meninges) must also be sampled bacteriologically

4. A full set of histopathology samples, including bone

marrow, will assist in determining the presence and

pattern of sepsis present7.
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Anaesthesia: specific recommendations

• The effective management of failed tracheal intubation is a core anaesthetic skill that should be rehearsed and assessed

regularly.

• The recognition and management of severe, acute illness in a pregnant woman requires multidisciplinary teamwork.

An anaesthetist and/or critical-care specialist should be involved early.

• Obstetric and gynaecology services, particularly those without an on-site critical-care unit, must have a defined local

guideline to obtain rapid access to, and help from, critical-care specialists.

Summary of cases for 2006–08

The central assessors in anaesthesia reviewed 127 cases in

which anaesthetic services were involved in the care of a

woman who died from either a Direct or Indirect cause of

maternal death and for whom notes were available. This

comprised 49% (127 of 261) of all the maternal deaths in

this triennium. From these deaths the assessors identified

seven (3%) women who died from problems directly asso-

ciated with anaesthesia and whose deaths are counted in

this Chapter. The overall mortality rates from Direct deaths

from anaesthesia over the past eight triennia are shown in

Table 8.1.

In addition to the seven women who died from Direct

anaesthetic causes, the assessors considered that in a further

18 deaths anaesthetic management contributed to the out-

come or there were lessons to be learned. There were also 12

women with severe pregnancy-induced hypertension or sep-

sis for whom obstetricians or gynaecologists failed to consult

with anaesthetic or critical-care services sufficiently early,

which the assessors considered may have contributed to the

deaths. These deaths are counted in the relevant chapters of

this Report, but the lessons to be learned are discussed below.

Women with severe acute illness or significant co-mor-

bidity present a major challenge to obstetric, anaesthetic

and midwifery services, particularly when the maternity ser-

vice is already stretched with peak activity in its normal

workload. Many case reports highlighted the fact that pro-

viding good high-dependency care was difficult when the

maternity service was already very busy.

Table 8.1. Direct deaths attributed to anaesthesia and rate per

100 000 maternities; UK: 1985–2008

Triennium

Direct deaths

attributable

to anaesthesia

Percentage

of Direct deaths Rate 95% CI

1985–87 6 4.3 0.26 0.12-0.58

1988–90 4 2.8 0.17 0.07-0.44

1991–93 8 6.3 0.35 0.18-0.68

1994–96 1 0.7 0.05 0.01-0.26

1997–99 3 2.8 0.14 0.05-0.42

2000–02 6 5.7 0.30 0.14-0.66

2003–05 6 4.5 0.28 0.13-0.62

2006–08 7 6.5 0.31 0.15-0.64
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Deaths directly due to anaesthesia

The women who died
In this triennium, two women died from failure to ventilate

the lungs, four from postoperative complications and one

from leucoencephalitis. Two of the seven women were obese.

Failure to ventilate the lungs
There were two deaths as a result of a failure to ventilate the

lungs, one after induction of general anaesthesia and one

when a tracheostomy tube came out in a critical-care ward.

In the first woman, the anaesthetist failed to stop trying to

intubate the trachea even though oxygenation was achieved

through an intubating laryngeal mask airway (ILMA).

Failed intubation guidelines1 were followed, to an extent, in

this very stressful situation, but oesophageal intubation

through the ILMA was not recognised and further hypoxia

occurred. The woman was coughing but was not allowed to

wake up, and a second dose of thiopental and a long-acting

neuromuscular-blocking drug were given even though the

end-expiratory CO2 monitor indicated that the woman’s

lungs were not being ventilated. Cricothyrotomy was not

attempted.

Patients do not die from a ‘failure to intubate’. They die

either from failure to stop trying to intubate or from undiag-

nosed oesophageal intubation.

Bruce Scott 19862

Much of the success that these Confidential Enquiries into

Maternal Deaths have had in reducing Direct deaths from

anaesthesia has been from tackling airway-related deaths.

In the 1967–69 triennial report for England and Wales3

there were 32 such deaths. Striving for absence of such

deaths is achievable, as in 1994–96, but requires continual

efforts. Management of failed intubation/ventilation is a

core anaesthetic skill that should be rehearsed and assessed

regularly.4 The infrequent use of general anaesthesia in

obstetrics, and hence the lack of experience, makes this

extremely important.5 In one region of the UK, during a

5-year period from 1999 to 2003, there was an incidence of

failed tracheal intubation of one in 238 general anaethetics.

In half of these women, there was a failure to follow an

accepted protocol for failed tracheal intubation.6 Recent

surveillance of failed tracheal intubation for obstetric gen-

eral anaesthesia conducted through the United Kingdom

Obstetric Surveillance System (UKOSS which is discussed

in detail in the Introductory Chapter of this Report)

between April 2008 and January 2010 identified 51 women

in an estimated 1.4 million maternities, giving an estimated

rate of failed intubation of 36 cases per million maternities

(95% CI 27–48 per million maternities [personal commu-

nication with UKOSS]).

Human errors and failures in clinical practice are inevita-

ble. Strategies and guidelines need to be in place when errors

or failures occur.7 Assessment of nontechnical skills, such as

situation awareness, is given high priority in the aviation

industry but is also very important in medical practice. In

anaesthesia, one must always consider the worst-case sce-

nario, implement drills and be aware of what may happen

under stress. An anaesthetist may perceive failed intubation

as failed performance, which creates pressure to persist.

There is the added fear of acid aspiration, but the impor-

tance of maternal oxygenation cannot be overemphasised.

In managing a rare critical situation, it is important to be

prepared to implement an accepted drill fully and to main-

tain priorities. Drills should not be complex and must be

practiced regularly. The anaesthetist must avoid blind alleys

and the natural behaviour patterns of fixation and denial.

It is also pertinent to note that the woman discussed

above had a working epidural in labour when it was decided

to perform a Category 2 caesarean section. Subsequently

there was a sustained fetal bradycardia, which escalated the

urgency of caesarean section to Category 1. The epidural

had not been topped up to provide surgical anaesthesia for

caesarean section because the anaesthetist planned to top

the epidural up in theatre. If the epidural had been topped

up when it was decided she was to have a caesarean section,

general anaesthesia may not have been required.

Epidural anaesthesia for operative
delivery: learning points

Epidural analgesia that has been working well in labour

should be topped up to provide full surgical anaesthesia

without delay once the decision for operational delivery

has been made. If the woman cannot be immediately

transferred to an operating theatre and full epidural

anaesthesia is established on the labour ward, the anaes-

thetist and full resuscitation equipment should be imme-

diately available and full ‘epidural monitoring’ provided.

A second woman died in a critical-care unit from loss of

the airway when her tracheostomy tube came out while

being turned. She had a known airway problem and known

difficulty with her tracheostomy.

A clear strategy of management for this scenario was

required in advance, including the use of small tracheal

tubes and quick referral for senior help out of hours.

Autopsy revealed a very small larynx and lobular brown tis-

sue obscured the tracheostomy orifice.

In these two cases, non-consultant anaesthetists were

exposed to rare emergencies without immediate senior

backup. Inexperience of rare situations is difficult to
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address, but protocols, drills and simulated practice are

known to help.

Postoperative complications
Four women died after complications in the postoperative

period. One death was related to opiate toxicity in a woman

receiving patient-controlled analgesia but the patient-con-

trolled analgesia machine, the syringe and its contents were

not retained for inspection and analysis. A second death

from acute circulatory failure, may have been the result of

blood incompatibility after a blood transfusion. Another

woman died from cardiac arrest while recovering from gen-

eral anaesthesia for a surgical abortion. After the event, it

transpired that the woman was a regular substance abuser.

She had been given Syntometrine� intravenously, which

may have caused the cardiac arrest in a woman with cardiac

irritability secondary to substance abuse.

Serious incidents: learning points

When a serious incident occurs, all equipment and

drugs should be retained in situ for inspection and anal-

ysis until the cause of the incident is determined.

The fourth woman probably aspirated gastric contents on

emergence from general anaesthesia after an emergency

caesarean section. She was considered to need a Category 1

caesarean section because of antepartum haemorrhage from a

known placenta praevia, but the bleeding had settled and she

was cardiovascularly stable. She had eaten a full meal in hos-

pital before the decision for a Category 1 caesarean section.

General anaesthesia was a reasonable choice, but there was

no documented discussion about whether a Category 1 cae-

sarean section was actually indicated or time be allowed for

the stomach to empty. Management of extubation may be

critical in the presence of a full stomach. The obstetric

patient should be fully awake and able to protect her air-

way before extubation. The stomach was presumed to con-

tain gastric contents, and it had not been decompressed

with a wide-bore orogastric tube.8

Full stomach: learning points

When general anaesthesia is administered to a woman

with a potentially full stomach, she should be fully

awake and able to protect her airway before extubation.

When a woman is known to have a full stomach, reduc-

ing the gastric volume and pressure by gentle ‘in and

out’ insertion of a wide-bore orogastric tube before tra-

cheal extubation should be considered.

Leucoencephalitis

Acute haemorrhagic disseminated leucoencephalitis was

found at autopsy in a woman who died some days after an

uneventful spinal anaesthetic for caesarean section. Autopsy

also revealed an empyema in the spinal canal covering the

lumbar and lower thoracic spinal cord.

Acute haemorrhagic leucoencephalitis, or Hurst’s disease, is

a very rare hyperacute and usually fatal form of acute

disseminated encephalomyelitis. The cause is unclear, but it

may be triggered by vaccination or infection. An autoim-

mune pathology is likely, with immune cross-reactivity

between myelin and infectious agent antigens. It was con-

sidered that the spinal empyema triggered this very rare

autoimmune disease. Although recognising that this was an

idiosyncratic disease, it emphasises the necessity for strict

asepsis when performing spinal or epidural anaesthesia.

Substandard care
The assessors considered that there was substandard anaes-

thetic or perioperative care in six of the seven (86%) Direct

anaesthetic deaths. Three had major and three had minor

substandard care as defined in Chapter 1. Although sub-

standard care may have been judged as present, it does not

necessarily mean that it caused the death. The cases illus-

trate the need for working as part of a team and that all

professionals should understand the risks of anaesthesia.

Pathology
Four deaths attributed to anaesthesia have been reviewed:

two related to establishing or maintaining the airway, one

to aspiration and one to opiate toxicity. The detailed

autopsy on the death from aspiration showed a failure of

the autopsy to address the clinical issues:

Inhalation of gastric contents on emergence from general

anaesthesia in a nonstarved woman was suspected, with

acute respiratory distress syndrome developing, leading to

death days later. The autopsy was very detailed and histol-

ogy was extensive, but there was no mention of a search for

inhaled gastric contents.

Deaths to which anaesthesia contributed
There were 18 further Direct or Indirect maternal deaths to

which perioperative anaesthetic management contributed

or from which lessons can be learned. These deaths are

counted in the relevant chapters in this Report and dis-

cussed here in the categories listed in Table 8.2.

Failure to recognise serious acute illness
Young, fit, pregnant women have significant physiological

reserve, which disguises the early warning signs of illness.

When a pathological process such as sepsis becomes over-
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whelming, decompensation is acute and profound. It is

emphasised that death in pregnancy or the puerperium can

ensue within hours of sepsis becoming apparent.

There were ten deaths as the result of a failure to recog-

nise and manage major, acute, serious illness.

Early recognition of serious acute illness in an otherwise

fit pregnant woman is a skill that only comes with experi-

ence. Multidisciplinary assessment by senior medical staff is

invaluable if carried out before the situation becomes irre-

trievable. There is evidence that early warning scoring sys-

tems or more specific Modified Early Obstetric Warnings

Scoring systems (MEOWS) are being used more frequently

in maternity units and gynaecology wards, but they are not

always acted upon.

Pre-eclampsia/eclampsia
In eight of the 19 women who died of pre-eclampsia/

eclampsia, including HELLP syndrome, the anaesthetic

management, or rather its lack, may have contributed to

the death. In six of these deaths, the assessors considered

that senior advice or assistance from an anaesthetic or criti-

cal-care specialist was requested too late.

One woman was admitted with severe hypertension and +++

proteinuria. She was referred to a urologist in spite of being

very unwell on admission. She required immediate control

and regular, frequent monitoring of her blood pressure. Help

from an anaesthetist and high-dependency care could have

helped this woman from the outset but was not requested.

The immediate postoperative management of women

with severe pre-eclampsia/eclampsia is the responsibility of

both the consultant obstetrician and the consultant anaes-

thetist. It should be a joint decision whether care, treat-

ment and monitoring are provided in a labour ward high-

dependency unit or a critical-care ward.

Another woman had eclamptic fits at home, in the ambu-

lance and on the labour ward. She was treated with magne-

sium sulphate and an intravenous bolus of labetalol. Her

blood pressure dropped quickly, and she had a cardiac arrest.

This woman warranted early involvement of the anaesthe-

tist, high-dependency care and regular, frequent monitoring

of her blood pressure. Frequent noninvasive measurements

of systolic arterial pressure are useful in monitoring a trend.

Direct arterial pressure monitoring should be considered if a

more accurate measurement of systolic and diastolic arterial

pressures is required, particularly in the morbidly obese

woman, but should not delay treatment.

Severe pre-eclampsia: learning point

Severe pre-eclampsia requires immediate control and

regular, frequent monitoring of blood pressure with

high-dependency care. Anaesthetic services and, on

occasions, critical-care services should be involved in

management at an early stage.

Sepsis
In six deaths from sepsis there were identifiable delays in

seeking senior help or advice and help from anaesthetists

and critical-care specialists.

One woman went to see her GP a week postpartum feeling very

unwell. The GP sent her directly to the Emergency Department

where she was found to be tachycardic and acidotic. There was

then a significant delay in asking for help with resuscitation

from an anaesthetist or critical-care specialist. She died in a

critical-care unit a few weeks after delivery.

Puerperal sepsis can quickly become a life-threatening

obstetric emergency.

Sepsis: learning point

Circulatory collapse can happen suddenly in sepsis, and

management should be multidisciplinary.

The management of circulatory collapse caused by sepsis

includes early administration of high-dose broad-spec-

trum intravenous antibiotics, careful fluid resuscitation,

inotropic support and cardiovascular monitoring in a

critical-care environment.

Early blood analysis, including blood culture, arterial

gas and plasma lactate measurement, is also required

(see Chapter 16).

Surgery may be necessary to remove the source of the

sepsis.

Table 8.2. Categories under which Direct and Indirect deaths

attributed to anaesthesia are discussed

Number*

Anaesthesia was a contributory factor or lesson to be

learned

Failure to recognise serious illness 10

Poor management of pre-eclampsia/eclampsia 8

Poor management of sepsis 6

Poor management of postpartum haemorrhage 5

Poor management of haemorrhage in early pregnancy 5

Others

Failure to consult with an anaesthetist or critical-care

specialist early

12

Obesity BMI >30 kg/m2 9

Anaphylaxis 1

Thromboprophylaxis 1

*Some deaths had more than one contributory factor.
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Postpartum haemorrhage
The nine deaths from obstetric haemorrhage represent a

substantial decline from the 14 deaths reported in 2003–05.

The management of both expected major haemorrhage in

women with known placenta accreta and unexpected exces-

sive intraoperative blood loss has also improved.9 However,

there is evidence of poor postpartum care in which contin-

ued bleeding went unrecognised in the immediate postpar-

tum period, and perioperative care by anaesthetists

contributed. Skin colour and morbid obesity present major

challenges in both diagnosis and management of hypovola-

emia.

The deaths of five women who died from postpartum

haemorrhage were assessed. Of these:

• two women had emergency caesarean sections

• one woman suffered an inverted uterus

• one woman had a secondary postpartum haemorrhage

with sepsis a number of weeks after a difficult caesarean

section. She was admitted to a hospital without a

critical-care unit for evacuation of the products of con-

ception

• one woman who refused blood on religious grounds died

from perineal bleeding after an instrumental delivery.

In these cases there was evidence of a lack of apprecia-

tion of the risk of postpartum haemorrhage and failure to

use high-dependency care.

One woman underwent a difficult caesarean section with a

blood loss of more than one litre. The epidural anaesthetic

was converted to a general anaesthetic because of pain

when the uterus was exteriorised. She was receiving a Synt-

ocinon� infusion. A blood transfusion was prescribed and

hourly urine measurements were requested, and she

appeared comfortable because of epidural morphine. How-

ever, she did not have regular postoperative observations

and died of a postpartum haemorrhage.

There was a lack of appreciation of the risk of postpar-

tum haemorrhage, which was not diagnosed because of a

lack of monitoring in the early postpartum period.

An obese woman with pre-eclampsia treated with labetalol

and methyl dopa had a caesarean section under epidural

anaesthesia. She died of a postpartum haemorrhage. There

was failure to recognise hypovolaemia secondary to blood

loss because of pre-eclampsia and b-blockade. The signs of

hypovolaemia were further modified by the woman’s skin

colour and epidural analgesia.

Continuing concealed intra-abdominal haemorrhage may

go unnoticed in postnatal wards, but signs of ongoing

haemorrhage were also missed in labour ward high-depen-

dency units. This may reflect a manpower or training issue,

but MEOWS systems can only help if they trigger a

response.

Haemorrhage in early pregnancy
Poor anaesthetic care contributed to the deaths of five

women who died from haemorrhage in early pregnancy.

These cases are counted as early pregnancy deaths in Chap-

ter 6.

Two women died of postoperative haemorrhage after

surgical evacuation of the uterus in early pregnancy, both of

whom had at least two previous caesarean sections; one was

known to have a low-lying placenta. Three further women

died from haemorrhage in early pregnancy and their anaes-

thetic management was considered to be less than optimal.

All of these women were managed by gynaecological ser-

vices where there was failure to recognise the severity of

haemorrhage or anaemia, failure to quickly control the

haemorrhage surgically and/or resuscitate under full moni-

toring in an operating theatre. In one case:

A woman who underwent surgical evacuation of the uterus

but actually had an ectopic pregnancy died several hours

postoperatively from intra-abdominal bleeding. No routine

observations were made overnight.

This woman had been anaesthetised before the operating

surgeon had met her, and the opportunity to establish that

abdominal pain was a relevant presenting complaint was

missed.

Haemorrhage: learning points

• Women known to be at risk of major haemorrhage,

e.g. women with placenta accreta or who decline

blood and blood products, should be delivered in

major maternity units with access to critical care, in-

terventional radiology and cell salvage.

• Circulatory collapse can happen suddenly in haem-

orrhage, and management should be multidisciplin-

ary. The management of circulatory collapse due to

haemorrhage includes surgery, intravenous fluid,

blood and blood products and cardiovascular moni-

toring. Fluid resuscitation and inotropic support

should be used cautiously before surgical control of

the haemorrhage.

• The symptoms and signs of hypovolaemia are difficult

to recognise if there is any of the following:

• language difficulty

• obesity

• pre-eclampsia

• brown/black skin

• b-blockade.
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Chronic illness or co-morbidity
Pregnancy and childbirth are promoted as normal events,

but maternity services are increasingly seeing older women

with significant co-morbidity becoming pregnant. The

assessors for this triennium saw many examples of good

care of such women where they had been referred to high-

risk multidisciplinary and anaesthetic clinics early, for

example:

A woman who had a heart transplant was successfully

delivered by caesarean section under general anaesthesia in

a cardiac theatre by a multidisciplinary team with full

monitoring and inotropic support. Unfortunately, she died

of vascular rejection some weeks after delivery.

However, there were also examples of lack of forward

planning:

A woman with severe liver disease had an emergency cae-

sarean section in her local maternity unit under general

anaesthesia early in her third trimester because of fetal

distress. She was admitted to a critical-care bed postpar-

tum but collapsed a few days after delivery because of

intra-abdominal bleeding. She continued to bleed and was

eventually transferred to a specialist liver unit but died

there.

This high-risk woman required full multidisciplinary

care from the outset and should have been delivered in a

maternity unit able to provide specialist liver advice and

management. This is a lesson that again needs to be high-

lighted.

Failure to consult with an anaesthetist or critical-care spe-
cialist early
There were 12 deaths where referral to an anaesthetist or a

critical-care specialist happened too late and supportive

organ therapy was delayed. Anaesthetists were often not

informed of women admitted with significant pre-eclamp-

sia or sepsis because trainees in obstetrics and gynaecology

did not appreciate how ill they were.

Formal consultations from critical-care specialists should

be encouraged before critical care is actually required.

There was evidence that in consultant-led obstetric and

gynaecology services without on-site critical-care beds,

there was delay in receiving advice and on-site help from

critical-care specialists.

Obesity
Venous cannulation of the morbidly obese may present a

challenge and should not be undertaken by those with little

experience because of the risk of failure and making subse-

quent attempts much more difficult. Familiarity with spe-

cial beds for the morbidly obese is necessary in case a

woman needs to be laid flat for resuscitation. The Centre

for Maternal and Child Enquiries and the Royal College of

Obstetricians and Gynaecologists have recently published

clinical guidelines for the management of obese women in

pregnancy and childbirth.10

Anaphylaxis

A woman died after suffering an unexpected acute anaphy-

lactic reaction to an antibiotic given during labour. She was

not known to be allergic before this.

The failure to initiate perimortem caesarean section on the

labour ward within 4 minutes of cardiac arrest to deliver

the fetus, may have contributed to the unsuccessful mater-

nal resuscitation.11 Acute anaphylaxis requires an immedi-

ate medical response including treatment with adrenaline.

A formal anaphylaxis protocol,12 similar to a cardiopulmo-

nary resuscitation chart, should be immediately available

for all clinical staff to follow. These charts are already avail-

able in every operating theatre.13

Anaphylaxis: learning point

Acute anaphylaxis management charts should be imme-

diately available in all clinical areas.

Thromboprophylaxis

A woman had an uneventful emergency caesarean section

under epidural anaesthesia but died from a pulmonary

embolism a few weeks later. Thromboprophylaxis was

given in too low a dose and was started too late. The

removal of the epidural catheter was inexplicably delayed,

resulting in a subsequent delay in initiating thrombo-

prophylaxis. This may have been contributory in this

high-risk woman.

Thromboprophylaxis guidelines after caesarean section14

recommend the first dose of low-molecular-weight heparin

(LMWH) be given 4 hours after spinal or epidural anaes-

thesia is established or after removal of an epidural catheter

to reduce the risk of a spinal canal haematoma. Epidural

catheter removal should be timed to avoid delay in giving

LMWH. If the epidural catheter is to remain in situ for fur-

ther potential surgery or postpartum analgesia, it should be

removed 12 hours after a dose of LMWH and 4 hours

before the next dose.

The first dose of LMWH should not be delayed without

good reason, e.g. coagulopathy, high risk of postpartum

haemorrhage or a traumatic, bloody epidural/spinal proce-

dure.
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Workload
A number of case reports highlight that peak labour ward

activity coincided with the emergency admission of a preg-

nant woman with an acute, severe illness. Many notes sug-

gest that the midwifery, obstetric and anaesthetic workforce

was already fully committed at times of peak activity in

normal workload. This produces difficulties if a pregnant

woman with an acute, severe illness is admitted and

requires high-dependency care in addition. When staffing

levels are calculated on average activity, there needs to be a

clear contingency plan for all disciplines to obtain further

skilled assistance.

Workload: learning point

A clear contingency plan to provide additional skilled

assistance should be in place if maternity staff are

already fully committed at times of peak activity, if a

woman with an acute, severe illness requires high-

dependency care.

Serious incidents and hospital enquiries
Most maternal deaths within hospital now initiate a full

serious incident or internal hospital enquiry, the reports of

which were available to the Regional and Central Assessors.

These reports are still of variable quality and clearly com-

pleted in-house and therefore open to bias. Hospital man-

agers are again asked to consider whether unbiased external

input would assist in this process and ensure greater objec-

tivity.
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Cardiac disease: specific recommendation

• Women with a known history of cardiac disease must be referred for consultant-led obstetric care in a maternity unit

where there is a joint obstetric/cardiology clinic or a cardiologist with expertise in the care of women with heart dis-

ease in pregnancy.

Cardiac disease: learning points

There must be a low threshold for further investigation

of pregnant or recently delivered women who complain

of chest pain that is severe, or radiates to the neck, jaw

or back, or is associated with other features such as agi-

tation, vomiting or breathlessness, tachycardia, tachyp-

noea, orthopnea or acidosis. This is especially important

for women who smoke, are obese or who have hyper-

tension. Appropriate investigations to rule out, or

confirm, cardiac disease or aortic dissection include

an electrocardiogram (ECG), a chest X-ray, cardiac

enzymes (Troponin), an echocardiogram and computed

tomography pulmonary angiography.

Women with chest, back or epigastric pain severe

enough to require opiate analgesia must be fully investi-

gated for all possible causes, including cardiac disease.

Wheezing can be a feature of pulmonary oedema as well

as asthma. Pulmonary oedema requires investigation

with a chest X-ray and an echocardiogram and oxygen

saturation.

Arterial blood gases are frequently measured when

investigating suspected pulmonary embolus and may

also provide important information about underlying

cardiac disease. Hypoxaemia is a feature of pulmonary

oedema, and a metabolic acidosis (increased base excess,

reduced bicarbonate), with or without an elevated serum

lactate, is a feature of a reduced cardiac output second-

ary to cardiac disease.

The curriculum and training of obstetricians following

the advanced training skills module in maternal medi-

cine and maternal and fetal medicine subspecialisation

should reflect the importance of heart disease as a cause

of maternal death. Such training should equip the

obstetrician with knowledge of when and which women

with pre-existing or new onset heart disease to refer to

specialists.

Introduction

The deaths of 53 women who died from heart disease associ-

ated with, or aggravated by, pregnancy were reported to the

Enquiry in 2006–08. These are classified as Indirect maternal

deaths. This gives a maternal mortality rate for cardiac dis-

ease for 2006–08 of 2.31 per 100 000 maternities (95% CI

1.77–3.03) compared with 2.27 and 2.20 per 100 000 mater-

nities (95% CIs 1.67–2.96 and 1.64–2.96, respectively, for the

previous two triennia as shown in Table 9.1. It therefore

remains not only the commonest cause of Indirect maternal

death but the commonest cause overall.

In addition to these women, lessons arising from eight

other women known to the Enquiry who died from cardiac

disease later after delivery are discussed and considered

here, although they are counted as Late deaths in Chapter

12. Of these, there were six Late Indirect cardiac deaths
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arising from cardiomyopathy: two from peripartum cardio-

myopathy, one from arrhythmogenic right ventricular

cardiomyopathy, one from cardiomyopathy related to sys-

temic lupus erythematosus, one secondary to anthrocycline

and one from dilated cardiomyopathy that could have been

peripartum cardiomyopathy or secondary to thyrotoxicosis.

There were two Late Coincidental deaths in intravenous

drug users because of infective endocarditis.

Three other maternal deaths to which cardiac disease con-

tributed are counted and considered in other Chapters. One

associated with ischaemic cardiac disease in early pregnancy

is counted in Chapter 6, one with myocardial scarring from

cocaine use is counted in Chapter 8, and one from secondary

acute endocarditis is counted in Chapter 10.

Summary of key findings: 2006–08

Table 9.2 shows the overall numbers of cardiac maternal

deaths by major cause for this, and previous, triennia. The

leading causes are sudden adult death syndrome (SADS),

of which there has been a significant increase; myocardial

infarction, mostly related to ischaemic heart disease;

dissection of the thoracic aorta and cardiomyopathy, most

commonly peripartum cardiomyopathy. Deaths from pul-

monary hypertension and from congenital heart disease

continue to decrease. There were no deaths from rheumatic

heart disease in the current triennium.

Thirty of the 50 (60%) women who died from cardiac

disease and for whom a body mass index (BMI) was avail-

able were overweight or obese. Half of them had a BMI of

30 or more.

The assessors considered that some degree of substan-

dard care was present in 27 of the 53 (51%) deaths

counted in this Chapter. In 13 deaths, there were major les-

sons to be learnt, and, if the care had been better, the out-

come may have been different. For 14 women, the care

they received was less than optimal and lessons can be

learnt from their management, but the outcome would

have been inevitable. The varying reasons for this are dis-

cussed throughout this Chapter.

Congenital heart disease and
pulmonary hypertension

The deaths of four women who died from the complica-

tions of congenital heart disease or from pulmonary

vascular disease are counted in this Chapter, and one

woman whose cardiac disease complicated her pregnancy is

counted in Chapter 4. One died following heart transplan-

tation, one from a thrombosed aortic valve and two from

pulmonary hypertension. Of these latter two, one was

probably the result of complications associated with an

atrial septal defect.

Even though these mothers’ deaths could not have been

prevented, care was considered suboptimal in some

women. This was because of a lack of pre-pregnancy coun-

selling, failure to refer to the cardiologists, a lack of

communication between specialists and inappropriate man-

agement of anticoagulation.

Maternal morbidity from pulmonary vascular
disease
Over the 4-year period between March 2006 and February

2010, 24 confirmed cases of pulmonary vascular disease

were reported through the United Kingdom Obstetric Sur-

veillance System (UKOSS; Detailed information on the

UKOSS is given in the Introductory Chapter to this

report), giving an estimated incidence of 0.8 (95% CI 0.5–

1.2) per 100 000 maternities.1 Eleven were due to the result

of idiopathic pulmonary arterial hypertension, and nine

Table 9.1. Indirect maternal deaths from congenital and acquired cardiac disease and rates per million maternities: UK: 1985–2008

Triennium Congenital Acquired Total

n

Rate 95% CI

Ischaemic Other

n (%) n (%) n (%)

1985–87 10 (43) 9 (39) 4 (17) 23 1.01 0.68 1.52

1988–90 9 (50) 5 (28) 4 (22) 18 0.76 0.48 1.21

1991–93 9 (24) 8 (22) 20 (54) 37 1.60 1.16 2.20

1994–96 10 (26) 6 (15) 23 (59) 39 1.77 1.30 2.43

1997–99 10 (29) 5 (14) 20 (57) 35 1.65 1.19 2.29

2000–02 9 (20) 8 (18) 27 (61) 44 2.20 1.64 2.96

2003–05 4 (8) 16 (33) 28 (58) 48* 2.27 1.67 2.96

2006–08 3 (6) 8 (15) 42 (79) 53 2.31 1.77 3.03

*Includes one woman for whom very little information was available.
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were attributed to congenital heart disease. There were two

related to chronic thromboembolism, one to sleep apnoea

and one to connective tissue disease. Fourteen cases were

known before pregnancy and ten were diagnosed during

pregnancy.

Acquired heart disease

Myocardial infarction and ischaemic heart disease
Eleven women died from acute myocardial infarction (MI)

or chronic ischaemic heart disease (IHD), a rate of 0.48

(95% CI 0.27–0.87) per 100 000 maternities compared with

the 16 whose deaths were considered in the last Report, a

rate of 0.76 (95% CI 0.46–1.2) per 100 000 maternities.

Coronary atheroma was the underlying pathology in three

of the six women who died from MI; one of these deaths

was the result of extensive coronary artery dissection, a

recognised complication of pregnancy and in the two other

women the cause of death was undetermined. There were

also five deaths from IHD where no acute MI was demon-

strated. Presumably death in these women related to

arrhythmia or heart failure. In total, eight women died from

IHD compared with 12 in the previous triennium.

The women who died
Again, as shown in the last Report, the impact of lifestyle

factors such as increasing maternal age, obesity and smok-

ing was dramatic, and all of the women who died had iden-

tifiable risk factors. The mothers’ ages ranged from 28 to

46 years with a median of 36 years. Eight women were 35

or older, of whom five were aged 40 years or more. All were

parous, and seven were para 4 or greater, of whom two

were of extremely high parity. Six smoked, four had known

hypertension, four were overweight and three were obese.

Two had a family history of cardiac disease, one had hyper-

cholesterolaemia, one had gestational diabetes and one had

sickle cell disease. Three women were from black and

minority ethnic groups. Three mothers also had social prob-

lems: two were known to the child protection services, one

of whom had also reported domestic violence, and another

woman abused cannabis and alcohol.

All but two of these women died postnatally, although

one had collapsed antenatally near term.

Maternal morbidity from acute myocardial
infarction
The UKOSS study of acute MI in pregnancy, undertaken

between August 2005 and February 2010,1 identified 23

confirmed nonfatal cases occurring antenatally, giving an

estimated incidence of 0.7 (95% CI 0.4–1.0) cases per

100 000 maternities. Fourteen of the women with a con-

firmed MI had angiography: seven had coronary ather-

oma, three had coronary artery dissection, two had

coronary arterial thrombosis and two had normal coro-

Table 9.2. Causes of maternal death from cardiac disease; UK: 1994–2008

Type and cause of death 1994–96 1997–99 2000–02 2003–05 2006–08

Acquired

Aortic dissection 7 5 7 9 7

Myocardial infarction (MI) 6 5 8 12 6

Ischaemic heart disease (no MI) 0 0 0 4 5

Sudden adult death syndrome (SADS) 0 0 4 3 10

Peripartum cardiomyopathy 4 7 4 0* 9**

Other cardiomyopathy 2 3 4 1 4

Myocarditis or myocardial fibrosis 3 2 3 5 4

Mitral stenosis or valve disease 0 0 3 3 0

Thrombosed aortic or tricuspid valve 1 0 0 0 2

Infective endocarditis 0 2 1 2 2

Right or left ventricular hypertrophy or

hypertensive heart disease

1 2 2 2 1

Congenital

Pulmonary hypertension (PHT) 7 7 4 3 2

Congenital heart disease (not PHT or

thrombosed aortic valve)

3 2 2 3 1

Other 5 0 2 0 0

Total 39 35 44 48*** 53

*Twelve Late deaths reported in 2003–05.

**Two Late deaths reported in 2006–08.

***Includes one woman for whom information on cause was not available.
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nary arteries. In view of the increasing prevalence of risk

factors for IHD among women delivering in the UK and

the mortality noted in this report, this is likely to repre-

sent an underestimate of the true underlying burden of

nonfatal disease. An additional 17 cases were reported that

did not meet the criteria for MI during pregnancy,

including four women with a postnatal MI, one woman

whose MI occurred pre-pregnancy and two women with

severe angina.

Quality of care
Care was considered substandard in five of the 11 deaths

(46%). As in the last Report, failure to consider acute coro-

nary syndrome (MI, which is subdivided into ST elevation

myocardial infarction [STEMI] and non-STEMI) as a cause

of chest pain—i.e. neck pain, jaw pain, left arm pain, nau-

sea or dizziness in women with risk factors—was a

repeated finding, and this led to a failure to perform

appropriate investigations. For example:

A woman who smoked presented to the Emergency Depart-

ment with chest pain and breathlessness some weeks after

delivery. Acute coronary syndrome was not considered in

the differential diagnosis, possibly in view of a normal

ECG, her age and the quality of the pain. Serial ECGs and

Troponin were not requested, and, even though the working

diagnosis was pulmonary embolus, a V/Q scan was not per-

formed. She was discharged from the Clinical Decision Unit

and died shortly afterwards.

Another woman with risk factors for IHD presented during

pregnancy with chest pain. An ECG showed clear changes

of ischaemia, and the Troponin level was raised. However,

a normal echocardiogram falsely reassured the cardiologists,

who did not investigate her symptoms further. Some days

later she complained of heartburn, vomiting and dizziness

and died of myocardial ischaemia.

ECGs can be normal between bouts of angina or chest

pain. Therefore, a single normal ECG does not exclude

ischaemia, and serial ECGs and Troponin should form part

of the investigations for chest pain. Although the absence

of regional wall abnormality on an echocardiogram

excludes a full thickness STEMI, a normal echocardiogram

does not exclude non-STEMI. It is possible that the cardi-

ologists were reluctant to perform a coronary angiogram

because of the pregnancy.

Myocardial infarction and ischaemic
heart disease: learning points

Ischaemic heart disease has now become a common car-

diac cause of death in pregnancy.

Current trends in lifestyle factors, including smoking,

and increasing age at childbirth, are likely to be contrib-

uting to this increase in incidence. All the women who

died had identifiable risk factors including:

• obesity

• age >35 years

• parity >3

• smoking

• diabetes

• pre-existing hypertension

• family history.

Myocardial infarction and acute coronary syndrome can

present with atypical features in pregnancy such as

abdominal or epigastric pain and vomiting or dizziness.

A single normal ECG does not exclude ischaemia, espe-

cially if performed when the woman is pain-free. There

should be a low threshold for further investigation (such

as serial ECGs and Troponin) of ischaemic-sounding

chest pain, especially in women with known risk factors.

There should also be a low threshold for emergency coro-

nary intervention (coronary angiogram with angioplasty

with or without stenting), which will allow treatment of

both acute atheromatous coronary occlusion and the less

common coronary artery dissection with stenting.

Aortic dissection
Aortic dissection was, again, another major cause of cardiac

death. Seven women died from aortic dissection compared

with nine and seven in the two previous triennia, respec-

tively. The ages of the women ranged between 26 and

38 years with a median of 34 years. The majority of moth-

ers died within a few days after childbirth, although one

had suffered the dissection in late pregnancy, and the oth-

ers during their third trimester. Two were overweight, and

another two were obese. The dissection was type A

(ascending aorta) in five women and type B (descending

aorta) in two. One woman had Ehlers–Danlos syndrome

type IV with some features of Marfan syndrome, one had a

bicuspid aortic valve and another had a family history of

dissection. Other risk factors included pre-eclampsia, twins

and hypertension.

Care was substandard in five of the seven women (71%).

In four there was failure to investigate chest pain. For

example:

A woman presented during pregnancy with what was

thought to be gastritis because of vomiting and diarrhoea.

She also described constant sternal pain for which she

required opiate analgesia, but, despite the severity of the

pain, no further investigations were undertaken. A few days

later, after delivery, she complained of dizziness, was found

to be anaemic and was transfused, again without an
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underlying diagnosis being made. She then complained of

chest tightness and collapsed with an asystolic arrest, pre-

sumably when the dissection she had suffered late in preg-

nancy extended.

Another woman who complained of sudden onset chest

pain was not investigated further or referred to a physician.

After delivery, she was nursed in a low-dependency area

despite severe ongoing symptoms, and the midwife noted a

delay of more than 2 hours before medical staff attended to

reassess her after her condition had deteriorated. Her cardio-

megaly was missed on the chest X-ray, and, despite the rec-

ommendations in the last Report, a woman with severe

chest pain caused by dissection was given repeated doses of

opiates without further urgent investigation.

As recommended in several earlier Reports, and reinforced

here, chest pain severe enough to require opiate analgesia

mandates further investigation for an underlying cause.

Aortic dissection: learning points

Not all chest pain in pregnancy is the result of pulmo-

nary emboli.

Aortic dissection is a rare but potentially fatal cause of

chest or interscapular pain in pregnancy, particularly in

the presence of systolic hypertension, and must be con-

sidered as part of the differential diagnosis of chest

pain.

Women with Marfan syndrome are at high risk of aortic

dissection, but previously apparently normal pregnant

women may also suffer this complication, most com-

monly at or near term, or postnatally.

Women with severe chest or abdominal pain requiring

opiate analgesia must be investigated. Appropriate

imaging includes a computed tomography chest scan

or magnetic resonance imaging, or a transthoracic or

transoesophageal echocardiogram.

Other acquired cardiac disease

Cardiomyopathy
Thirteen women died from cardiomyopathy. In six of them

this was attributed to peripartum cardiomyopathy, and a

further three deaths were stated to have been the result of

dilated cardiomyopathy where the diagnosis could have

been peripartum cardiomyopathy. In addition to these nine

probable deaths from peripartum cardiomyopathy, four

other women died from cardiomyopathy from other causes.

Two were from dilated cardiomyopathy, one from right

ventricular myocardial fibrosis secondary to myotonic dys-

trophy and another from arrhythmogenic right ventricular

cardiomyopathy (ARVC). Risk factors included pre-

eclampsia, obesity and hypertension.

An additional six women are classified as having died of

Late Indirect peripartum cardiomyopathy some weeks after

delivery. These deaths are counted in Chapter 12. Although

these women are classified as Late deaths, two presented

antenatally with a known diagnosis of cardiomyopathy, one

shortly after delivery and the other three several weeks

postpartum. Two died from cardiomyopathy related to

acute immune diseases, and another suffered a dilated car-

diomyopathy secondary to chemotherapy. There was one

further Late death from ARVC.

It is important to remember that peripartum cardiomy-

opathy may present up to 5–6 months postpartum but is

still directly related to the pregnancy. Similarly, it may

present antenatally or in the puerperium, but death may

occur many months later.

A recent US study2 of over 14 million pregnancy hospi-

talisations in 2004–06, found a prevalence of hospitalisa-

tions with cardiomyopathy of 0.46 per 1000 deliveries (0.18

for apparent peripartum cardiomyopathy and 0.28 for

other cardiomyopathies).

The women who died
The age range of the women who died was between 17 and

38 years with a median of 26 years. Ten of the 11 women,

nine Indirect and two Late, who died of definite or proba-

ble peripartum cardiomyopathy were parous. Five women

were overweight, of whom one was obese. Of these 11

women, four presented antenatally, three in the third tri-

mester and one who died in early pregnancy and who had

had another child only a few months earlier.

Most women had risk factors, including two with previ-

ous peripartum cardiomyopathy. Three were over the age

of 35, five had hypertension (pre-existing, pregnancy-

induced hypertension or pre-eclampsia), six were smokers

and three were from Black ethnic backgrounds.

In total, the assessors regarded the care of seven of the

13 (54%) women who died from cardiomyopathy as sub-

standard. For example:

A woman with a previous history of peripartum cardiomy-

opathy was not counselled by her cardiologists about the

risk of recurrence. In her next pregnancy, despite numerous

mentions of palpitations, she was not referred back to a car-

diologist. When she was eventually referred as a matter of

urgency, near term, the consultant cardiologist refused to

see her and said in the maternal death reporting form that

the obstetric registrar did not mention the previous left ven-

tricular dysfunction. She then self-referred to an Emergency

Department, where she was eventually seen by a cardiology

registrar. The registrar misinterpreted the echocardiogram

as showing no significant dysfunction, not realising that a
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normal left ventricle should be hyperdynamic in late preg-

nancy. A consultant cardiologist who reviewed the echocar-

diogram after her death said it showed ‘at least moderate’

left ventricular dysfunction.

A young woman who booked very late, and was a smoker,

complained of breathlessness in the third trimester, which

her obstetrician assumed to be the result of anaemia. She

was also very breathless, tachypnoeic and tachycardic when

she presented a few weeks later in preterm labour. When she

was examined, her wheeze was not recognised as a possible

sign of pulmonary oedema and no investigations were

undertaken nor any thought given to alternative diagnoses

other than chest infection. All attention was focused on the

management of her labour, despite the fact that she

remained tachycardic and tachypnoeic. Following a period

of loss of consciousness, arterial blood gases were measured,

but the very abnormal base excess was not recognised or

noticed or appreciated as abnormal or significant. She deliv-

ered normally and then collapsed, but this was a gradual

demise as the result of worsening acidosis and unrecognised

heart failure. Autopsy showed a large heart.

Women with known cardiomyopathy need pre-preg-

nancy counselling about the risk of recurrence/deteriora-

tion. It is crucial to refer women with previous

cardiomyopathy to specialist units with joint clinics where

both the obstetricians and cardiologists are familiar with

the expected changes of pregnancy. These mothers need

serial echocardiograms in pregnancy, especially if their

baseline echocardiograms in early pregnancy are abnormal.

In some women who died from cardiomyopathy, there

was a failure to diagnose pulmonary oedema, failure to

monitor women in a high-dependency area, failure to

repeat echocardiograms and failure to provide a cardiac

review to women who should have had one. There were

delays recognising worsening heart failure postpartum. In

several women, symptoms and signs were wrongly attrib-

uted to asthma (because of wheeze), anaemia, panic attacks

or chest infection.

Missing pulmonary oedema and missing acidosis because

of ignoring tachypnoea and a large base excess are common

mistakes in maternal cardiac deaths.

Peripartum cardiomyopathy: learning
points

Women in late pregnancy or within 6 months of delivery

with symptoms of breathlessness, oedema or orthopnoea

and the signs of tachypnoea and tachycardia may have

peripartum cardiomyopathy, and investigation with a

chest X-ray and an echocardiogram are indicated.

Women with peripartum cardiomyopathy should be

managed by cardiologists with expertise in this condi-

tion and their care should be discussed, if appropriate,

with the regional cardiac transplant centre.

Women with pre-existing cardiomyopathy of whatever

origin must, like all women with heart disease, have

expert and informed pre-pregnancy counselling.

Deaths from other causes
Four women died from myocarditis. In two women the

myocarditis was thought to be viral and in one it was

related to an autoimmune disease. In a case of essential

hypertension:

A morbidly obese woman who lived between several coun-

tries booked late despite a very poor obstetric history and

known hypertension. She was poorly compliant with her

medications as well as attending for care. She only had two

antenatal visits, neither of which was in a hospital antena-

tal clinic. Her antihypertensive medications were changed

by doctors in different countries. She collapsed and died in

her third trimester after coughing up blood and foaming at

the mouth. The autopsy was substandard, but her heart

was dilated. In this context of poorly controlled severe

hypertension, the likely diagnosis was of ‘flash’ pulmonary

oedema and hypertensive heart failure, perhaps related to

diastolic dysfunction.

This difficult case represents many of the challenges fac-

ing those who work in maternity services. This mother was

extremely high risk, highly mobile and difficult to engage

in care. It highlights the need for every effort to be made

to ensure that women at risk are assessed urgently by an

obstetrician providing care for high-risk mothers and that

their hypertension is controlled, if necessary by admission

to hospital.

Infective endocarditis
Two women died from infective endocarditis, and a further

two died Late Coincidental deaths much later after delivery.

All were known to abuse drugs, three of the four intrave-

nously. In one woman the organism was a staphylococcus,

in one it was Streptococcus mutans, in one it was a Gram-

positive coccus and in the fourth no organism was identi-

fied. The following is a representative case:

A known intravenous drug user presented to the Emergency

Department with a possible deep vein thrombosis (DVT)

during pregnancy. She was allowed home after promising to

return but did not do so until a week later with worsening

symptoms. She was not admitted but referred to an outpa-

tient DVT clinic, and the results of her arterial blood gases,

showing acidosis and increased lactate, were missed. She
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returned later the same day with chest pain and eventually

was diagnosed as having sepsis and infective endocarditis,

from which she died. Her autopsy showed tricuspid valve

vegetations caused by a Gram-positive coccus, but no men-

tion was made of a DVT.

A pregnant intravenous drug user in these circumstances

should have been admitted to establish the presumed diag-

nosis of DVT and to commence treatment. Arterial blood

gases are often performed when looking for hypoxia if pul-

monary embolism is suspected, but a metabolic acidosis

signifies underlying pathology and should raise the suspi-

cion of underlying sepsis.

Thrombosed mechanical valves
Two women died from thrombosed mechanical valves, a

rare cause of cardiac death. One was a known intrave-

nous drug user and the other had a congenital cardiac

condition. Both women were converted to low-molecu-

lar-weight heparin (LMWH) in their pregnancies, and

there were issues with compliance. Recent data highlight

the importance of adequate doses of LMWH and the

need for good compliance and anti-Xa monitoring when

managing women with mechanical heart valves in

pregnancy.3

Sudden adult/arrhythmic death syndrome
The deaths of ten women who died from SADS are dis-

cussed from a pathological point of view in the Annex to

this Chapter on the pathological overview of maternal

deaths. This is because SADS is a pathological diagnosis

and extra attention needs to be paid to these women given

the rise in the number of deaths from this cause in this tri-

ennium.

Conclusion

Deaths from heart disease remain the leading cause of

maternal death. The commonest causes are cardiomyopa-

thy, myocardial infarction/ischaemic heart disease and aor-

tic dissection. Regrettably, clinicians are still failing to

consider heart disease as a possible cause for symptoms

and signs in pregnancy and therefore fail to perform the

appropriate investigations. Some women with known heart

disease before pregnancy are not offered or referred to

appropriate multidisciplinary care in specialist units.
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Cardiac deaths: pathology good
practice points

• Do the heart examination well, with full dissection of

the coronary arteries, accurate weight of the heart,

measurement of the ventricle thicknesses and careful

evaluation of the valves.

• Correlate these data with the woman’s body weight

and body mass index (BMI).

• Do histology on a standard mid-horizontal slice of

heart muscle, to examine the right and left ventricles.

• Look at the lung histopathology for clues (e.g. pul-

monary hypertension).

• Retain a blood sample in case cocaine and other

stimulant drug analysis is necessary.

• Consider consulting a cardiac pathologist to gain

advice and support for the diagnosis.

• If the diagnosis is going to be SADS, make sure all

other reasonable cardiac diagnoses, as well as preg-

nancy-related diagnoses (such as amniotic fluid

embolism), are excluded.

• If SADS or a standard cardiomyopathy seems to be

the diagnosis, retain a sample of frozen spleen for

possible later genetic evaluation; the coroner will not

be expected to resource such investigations, but the

NHS cardiac genetic clinics will.

The main trends in cardiovascular pathology for this trien-

nium are the reduction in deaths associated with congenital

heart disease and the apparent rise in incidence of

SADS. This is better described as sudden arrhythmic death

syndrome where unexpected and unpredicted cardiac arrest

occurs and it is discussed later.

Cardiac pathology is what pathologists should do well, as

it is the commonest scenario of death they encounter in

routine practice in the UK. Broadly, for coronary ischaemic

heart disease, infective endocarditis, pulmonary hyperten-

sion and congenital heart disease and for dissection of

aorta and other vessels, this was true in the maternal deaths

reviewed this triennium. But it was not the case for diffi-

cult, non-obvious cases where acute cardiac failure was the

scenario.

Ischaemic heart disease

In the deaths examined, the usual patterns were seen of

coronary artery atheroma, with or without acute thrombo-

sis, and cardiac muscle damage, as either acute infarction

or chronic fibrotic ischaemic damage.

Two women had different specific causes of coronary

artery occlusion. One had postpartum dissection of the left

anterior coronary artery causing myocardial infarction. It is

remarkable that pregnancy is the major risk factor for such

dissection, albeit uncommon. It is presumed that the

hormonal effect on arterial muscle tone interacts on an

in-built medial damage to cause it. From the practical per-

spective, pathologists should note that, without very close

gross inspection, a dissection of a coronary artery can look

very like an acute thrombosis; histology is useful here to

confirm the process.

The other woman was an adolescent who presented sev-

eral months after pregnancy with myocardial infarction.

The aetiology was a rare autoimmune disease (Kawasaki

disease) with vasculitis of the coronary arteries and second-

ary stenosis and occlusion.

Dissection of the aorta

The seven women who died from dissection of the aorta had

autopsies. Not surprisingly, most were well done, although

three reports had no height or weight (therefore no autopsy

BMI was calculable). Although the gross pathology is self-

evident, it is arguable whether histopathology is required to
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demonstrate the universal underlying aortic medial degener-

ation, but best practice is that it should be done. More

important are co-pathologies relevant to the final dissection:

two of the seven women had clinical pre-eclampsia, but the

renal histopathology (glomerular endotheliosis) was not

documented to confirm this.

None of the autopsy reports indicated whether genetic

studies of the fibrillin connective tissue gene were per-

formed to demonstrate Marfan and Ehlers–Danlos syn-

dromes if they had not already been evaluated. Essentially,

in the age-range of pregnant women with dissection of

the aorta, the pathogeneses are three-fold: inherited con-

nective tissue disease (e.g. Marfan); bicuspid aortic valve

association (no fibrillin abnormality); and idiopathic. Best

practice is to reserve spleen material in the freezer for

later DNA studies in all women with dissection of the

aorta who have normal aortic valves. Importantly, it is

not for coroners’ and fiscals’ local authorities to fund

such studies of potentially inheritable disease, it is for the

NHS.

Myocarditis and systemic lupus
erythematosus

In the women for whom an autopsy took place, the

actual aetiology of the myocarditis was not established.

The causes include infection (usually enteroviral), drug

allergy (e.g. antibiotics), named immunopathological con-

ditions such as eosinophilic or giant cell myocarditis and

sarcoidosis, and idiopathic. Inevitably, there is potential

for overlap with peripartum cardiomyopathy, because in

some of those cases there is a myocarditis, and the clini-

cal and pathological case definitions need to be closely

observed. For myocarditis pathology, the Dallas criteria

apply: chronic inflammation (T-cell) in the myocardium

with active destruction of myofibres, i.e. not just an

interstitial inflammation which can happen in many sys-

temic inflammatory response states. A further difficulty

for pathologists is that the diagnosis of myocarditis is

not usually entertained until the fixed tissue histopathol-

ogy is available, by which time the opportunity for tak-

ing unfixed heart and blood samples for virology and

serodiagnosis is usually lost. Perhaps polymerase chain

reaction technology will become more available for the

retrospective diagnosis of viral myocarditis on fixed tis-

sue.

Peripartum and other
cardiomyopathies

This is a confusing area of cardiac pathology, where only a

full cardiac examination protocol, in conjunction with clin-

ical data and family history, will produce the correct diag-

noses. Of the non-peripartum cardiomyopathies (PPCM),

two were arrhythmogenic right ventricular cardiomyopathy

(ARVCM). There is no known aetiological association of

ARVCM, which is partly inherited, with pregnancy. One

woman with myotonic dystrophy died of heart failure

immediately postpartum; again only an experienced cardiac

pathologist can really interpret the positive and negative

findings.

Only six of the nine women who died from PPCM had

an autopsy. The case definition of PPCM is the onset of

left ventricular systolic dysfunction and symptoms of heart

failure during the last month of pregnancy or the first

5 months postpartum. Sudden unexpected cardiac death

without previous heart failure is usually excluded. There

are characteristic features pathologically—enlarged heart,

dilated cardiomyopathy, irregular myofibres and fibrosis,

variable T-cell infiltration, on histopathology—and, criti-

cally, the absence of an alternative diagnosis. This is a

high-stringency definition and for autopsy pathologists pre-

sents the problem of how far to investigate cases of acute

or chronic heart failure during and after pregnancy, to sup-

port or exclude a clinical diagnosis of PPCM.

In two autopsies, the pathologists referred the case to a

cardiac pathologist for opinion, and drug screens (mainly

for stimulant drugs such as cocaine) were performed in

another two. One pathologist evidently had never heard of

the entity and, following a good autopsy that clearly sup-

ported PPCM, declared the ‘cause of the cardiac enlarge-

ment and failure’ to be ‘obscure’.

The pathogenesis of PPCM is unknown, although a non-

infective pregnancy-associated immune activation myocar-

ditis with destruction of myofibres is the current leading

hypothesis.1 The role of cardiac biopsy in diagnosing and

managing possible PPCM is underdeveloped; none of the

nine women in this triennium had one, although in most

cases there was the opportunity in hospitalised women to

attempt it.

Sudden adult/arrhythmic death
syndrome

Ten women died of SADS during this triennium compared

with three in the last Report. This is greater than in any

previous Report. Six of them were obese, with booking

BMI ranging from 30 to 45.

The case definition for SADS is a sudden unexpected

cardiac death (i.e. presumed fatal arrhythmia) where all

other causes of sudden collapse are excluded, including a

drug screen for stimulant drugs such as cocaine. These

are exacting criteria. The UK Cardiac Pathology Network

(www.cpn.org.uk) is encouraging fuller autopsy examina-

tions (and reporting to a central database) and provides a

comprehensive list of possible diagnoses for sudden car-
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diac death that is non-ischaemic (atheroma) and non-val-

vular (with the exception of mitral valve mucoid degener-

ation) in causation. The classification is divided into

those where the death is explained on gross and histologi-

cal criteria and those where it remains unexplained at our

current state of knowledge. PPCM, ARVCM, myocarditis,

left ventricular hypertrophy and fibrosis, and hypertensive

heart disease are ‘explained’; unexplained cardiac death in

epilepsy, alcohol abuse, obesity and diabetes are ‘unex-

plained’.

Under the SADS label come those unexplained cases

with a morphologically normal heart by gross examination

and histology. A proportion can be demonstrated by elect-

rographic examination of relatives (and sometimes of the

woman before death) to have a conduction defect, a chan-

nelopathy, e.g. long QT syndrome. In this triennium, no

deaths were ascribed to a specific arrhythmia, but that

probably reflects the imperfect evaluation of them.

SADS, cardiac hypertrophy and
obesity in pregnancy

This is the area of cardiac death evaluated least well histori-

cally. In Chapters 10 and 17, the sections on unascertained

causes of death indicate that some of these might be SADS

if better clinicopathological information had been forth-

coming. Further, in Chapter 9, the cases described as being

the result of ‘other causes, hypertrophy and fibrosis’ are

probably SADS cases, of which there are up to six. In these

cases, the autopsy was not comprehensive enough to enable

the assessors to allocate the case to a particular cardiac cat-

egory. Four of the women had a BMI ‡30.

Here we group together the women who died of sudden

unexpected cardiac death who were not hypertensive during

pregnancy (or who were well treated) and did not have one

of the ‘explained’ cardiac pathologies. It includes those who

were obese and those with otherwise unexplained left ven-

tricular hypertrophy. The reason for this grouping is to high-

light:

• the likelihood that pregnancy presents this scenario more

frequently than is seen in the general population due to

the physiological stresses of pregnancy and delivery bring-

ing out an underlying potential cardiac arrhythmia

• the crucial need for more comprehensive data collection

and better categorisation to improve knowledge of the

epidemiology of SADS.

It is established that obesity and cardiac hypertrophy are

associated in the absence of concurrent hypertension, and

that obesity and cardiac hypertrophy are both risk factors

for arrhythmia and sudden cardiac death. Recently, the

notion of ‘obesity cardiomyopathy’ is gaining ground,2 and

it applies particularly to those with a central versus a

peripheral pattern of obesity. Such women have large

hearts, and in the ten women with SADS, the median heart

weight was 390 g (range 270–585 g). Of the heart to body

weight ratios, seven of the ten were >0.42% of body

weight, compared with the normal mean of 0.40% (range

0.38–0.42).3

In future, pathologists reviewing such cases must docu-

ment optimally the morphology of the body (height,

weight, BMI, pattern of obesity) as well as that of the heart

so that closer analysis can be undertaken. The heart mor-

phology required is listed in Best Practice points (above).

The published European guidelines on examination of the

heart provide the necessary information.4

The fact that pregnancy makes the obesity–heart issue

complicated, because of the greatly altered vascular physiol-

ogy and the introduction of novel pathologies such as pre-

eclampsia, is shown by the following case study.

An obese woman, previously normotensive, was admitted

during her third trimester with a blood pressure of 170/

108 mmHg and proteinuria. Despite antihypertensive treat-

ment, her blood pressure rose further, and she developed

flash pulmonary oedema with breathlessness, followed by

cardiac arrest. A peri-mortem caesarean section resulted in

a live birth. At autopsy, her heart weighed 585 g, with left

ventricular hypertrophy of 2.5 cm lateral wall thickness.

Histopathology showed cardiac myofibre hypertrophy and

mild interstitial fibrosis; the renal glomeruli had the endo-

theliosis lesion of pre-eclampsia. The conclusion on causa-

tion was a combination of obesity-related heart hypertrophy

plus pre-eclampsia.

Ultimately, these deaths are individually unpredictable,

and obesity needs to be addressed as a public health issue

if the fatalities are not to rise further in the next report. j

References

1 Silwa K, Fett J, Elkayam U. Peripartum cardiomyopathy. Lancet

2006;368:687–93.

2 Duflou J, Virmani R, Rabin I, Burke A, Farb A, Smialek J. Sudden

death as a result of heart disease in morbid obesity. Am Heart J

1995;130:306–13.

3 Smith HL. The relation of the weight of the heart to the weight of

the body and of the weight of the heart to age. Am Heart J

1928;4:79–93.

4 Basso C, Burke M, Fornes P, Gallagher PJ, de Gouveia RH, Sheppard

M, et al. Guidelines for autopsy investigation of sudden cardiac death.

Virchows Arch 2008;452:11–8.

118 ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203

Lucas



Chapter 10: Other Indirect deaths
M de Swiet1, C Williamson2, G Lewis3 (on behalf of the Centre for Maternal and Child Enquiries)
1 Emeritus Professor of Obstetric Medicine, Imperial College London, London, UK; 2 Institute of Reproductive Developmental Biology,

Imperial College London, London, UK; 3 National Perinatal Epidemiology Unit (NPEU), University of Oxford, Oxford, UK

Correspondence: Professor Michael de Swiet, Flat 15, Wren View, 75 Hornsey Lane, London N6 5LH, UK. Email: m.deswiet@imperial.ac.uk

Keywords risk, Confidential Enquiry, maternal, mortality.

Other Indirect deaths: specific recommendations

• All women who are planning pregnancies that are likely to be complicated by potentially serious medical conditions

should have pre-pregnancy counselling.

• Women whose pregnancies are complicated by potentially serious medical conditions should be referred to appropri-

ate specialist centres of expertise where both care for their medical condition and their obstetric care can be opti-

mised.

• Lack of consultant involvement remains a problem in the care of women with serious medical problems. Maternity

units should consider developing protocols to specify which medical conditions mandate consultant review.

• Health workers who are caring for women in pregnancy with conditions with which they are unfamiliar should con-

sult experts. If necessary this consultation can be by telephone and most experts are only too pleased to help.

• Medical conditions that may be the cause of symptoms that are more commonly seen by obstetricians should not be

ignored, e.g. seizures can be caused by epilepsy as well as eclampsia.

• Multiple admissions or attendances for emergency care demand further investigation and are often an indication for

referral to specialists in other disciplines.

• Undiagnosed pain requiring opiates demands immediate consultant involvement and investigation.

• The need remains for physicians who do not work directly with pregnant women to know more about the interaction

between the conditions that they are treating and pregnancy.

• Appropriate and professional interpretation services must be made available to women who do not speak English.

Other Indirect deaths: learning points

Most women with epilepsy require an increased lamotri-

gine dose in pregnancy to maintain good seizure con-

trol. Clinicians should adjust their management

protocols accordingly.

Women with epilepsy or undiagnosed syncope are still

unaware of the very rare but real risk of drowning while

bathing unattended. A shower is preferable and the

bathroom door should remain unlocked.

There should be no hesitation in arranging a chest X-

ray for women with significant chest symptoms. Simi-

larly, magnetic resonance imaging and computed

tomography of the brain can be used to exclude cerebral

pathology.

Clinicians should be aware that haemoglobin SC disease

can cause sickle cell crisis and is as dangerous as haemo-

globin SS disease.

Women should be given advice about sexual intercourse

in the postnatal period as fatal air embolism has been

reported as a result of this. The medical assessors to this

Enquiry recommend abstinence for 6 weeks, or gentle

intercourse and avoidance of positions where excess air

could be forced into the vagina.

Introduction

Indirect maternal deaths are defined as deaths resulting

from previously existing disease or diseases that develop

during pregnancy and which do not have direct obstetric

Chapter 10: Other Indirect deaths

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 119



causes but are aggravated by the physiological effects of

pregnancy.1

Examples of Indirect deaths include deaths from neuro-

logical conditions, diabetes and HIV infection. Cardiac

causes of death are also classified as Indirect but, such is

their prevalence, they are given their own chapter in this

Report; Chapter 9. The international definition of maternal

deaths excludes deaths from suicide linked to perinatal

mental illness and those from hormone-dependent malig-

nancies, both of which the UK Assessors consider to be

linked to the woman’s pregnancy. Indirect malignancies are

therefore counted and discussed in this chapter and psychi-

atric deaths are counted in Chapter 11. The remaining

deaths due to Indirect causes are counted and discussed in

this chapter and are classified as Other Indirect. However,

all these causes of death also contribute to the overall Indi-

rect mortality rate calculated for this Report.

Summary of key findings for 2006–08

Table 10.1 shows that in 2006–08, the deaths of 88 women

who died from Other Indirect maternal causes were

reported to this Enquiry, including three Indirect malignan-

cies, similar to the numbers for the previous two triennia.

However, because of a rising number of births the actual

rate is a little lower, as shown in Figure 10.1. All Indirect

deaths still account for the majority (59%) of all maternal

mortalities.

Many of the Other Indirect deaths relate to the manage-

ment and relevance in pregnancy of common symptoms

such as breathlessness and headache. These topics are dis-

cussed in the new section Back to basics.

Substandard care
Eleven of the 36 women who died from neurological condi-

tions were deemed to have had major substandard care in

that different treatment might have altered the outcome

and from another 12 women lessons could be learnt

although the outcome would not have altered. For the other

52 deaths from other Indirect causes, 17 women had major

substandard care and 11 had minor substandard care. This

gives an overall percentage of 58% cases with substandard

care (32% major and 26% minor as defined in Chapter 1).

Specific causes of Indirect deaths

Diseases of the central nervous system
In this triennium 36 women died from diseases of the cen-

tral nervous system. The overall number of deaths is simi-

lar to previous years, and the proportion with epilepsy has

not changed. However, there is a trend to slightly fewer

women dying from subarachnoid haemorrhage than in pre-

vious years.

Epilepsy
Fourteen women died of epilepsy, a rate of 0.61 per

100 000 maternities. In the majority of cases the mother

was not referred for review by a neurologist despite a

known history of epilepsy. Only six women were referred

for neurology review, and in one woman, the neurologist’s

advice was not followed. It is likely that this resulted in

failure to consider adjusting the anticonvulsant dose or

checking drug levels if necessary. This failure to refer to a

specialist with experience of managing epilepsy represents

substandard care. One additional woman with epilepsy is

Table 10.1. Causes of Other Indirect deaths; UK: 1997–2008

Cause 1997–99 2000–02 2003–05 2006–08

Diseases of the central

nervous system

34 40 37 36

Subarachnoid

haemorrhage

11 17 11 6

Intracerebral haemorrhage 5 3 11 5

Cerebral thrombosis 5 4 2 4

Epilepsy 9 13 11 14

Other 4 3 2 7

Infectious diseases 13 14 16 7

Human immunodeficiency

virus

1 4 5 2

Bacterial infection 8 6 5 3

Other 4 4 6 2

Diseases of the respiratory

system

9 10 5 9

Asthma 5 5 4 5

Other 4 5 1 4

Endocrine, metabolic

and immunity

disorders

6 7 5 9

Diabetes mellitus 4 3 1 3

Other 2 4 4 6

Diseases of the

gastrointestinal system

7 7 9 9

Intestinal obstruction 3 2 0 0

Pancreatitis 2 1 2 1

Other 2 4 7 8

Diseases of the blood 4 2 4 3

Diseases of the

circulatory system

2 3 6 4

Diseases of the renal system 0 3 1 0

Indirect malignancies* 12 5 9 3

Cause unknown 0 4 4 6

Other Ø Ø Ø 2

Total 87** 95** 96** 88

*In previous reports, indirect malignancies were counted in a sepa-

rate chapter.

**Recalculated to show numbers including deaths from Indirect

malignancies.
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counted in the intracerebral haemorrhage section of this

chapter because, although she was referred to a neurologist

and her epilepsy was appropriately managed, there is no

evidence that epilepsy contributed to her death.

Nine women with epilepsy were treated with lamotrigine.

Seven were treated with lamotrigine alone and two women

received polytherapy. One woman took lamotrigine and

levetiracetam and another took the drug in combination

with carbamazepine, antipsychotic and antidepressant med-

ication. One woman stopped taking lamotrigine before

conception. The other anticonvulsants used were carbamaz-

epine in two women and phenytoin and sodium valproate

as monotherapy each in one woman.

Lamotrigine use in pregnancy
There are specific considerations relating to lamotrigine

treatment in pregnant women. It is clearly established that

blood levels of the drug fall in all three trimesters of preg-

nancy and that an increase in lamotrigine dose is required in

the majority of women.2–5 Blood levels were not checked

during pregnancy for any of the nine women being treated

with lamotrigine in this Report, although the lamotrigine

dose was increased in three women. Five women had drug

levels checked at autopsy and of these, three were subthera-

peutic and the other two were at the low end of the normal

range. In two women, death occurred in the first trimester,

indicating that women with known epilepsy should have

early review to ensure their lamotrigine dose and/or drug

levels are reviewed. The National Institute for Health and

Clinical Excellence recommendations regarding the treat-

ment of epilepsy6 advise that routine monitoring of anticon-

vulsant levels is not recommended in pregnancy, but with

the important caveat that monitoring of anticonvulsant drug

levels may be useful for dose adjustment if seizures increase

or are likely to increase. The assessors consider that all those

caring for women with epilepsy in pregnancy should be

aware of the likely fall in lamotrigine levels in pregnancy and

that they should take account of this in their management

plans. A management strategy that aims to reduce the dose

of anticonvulsant in pregnancy to reduce effects on the fetus

should be tempered by the knowledge that a pregnancy-

induced reduction in blood levels of some anticonvulsant

drugs will increase the risk of seizure.

Sudden unexpected death in epilepsy
The actual cause of death in 11 of the 14 women with epi-

lepsy was categorised as sudden unexpected death in epi-

lepsy (SUDEP). This is defined as: ‘Sudden, unexpected,

witnessed or unwitnessed, nontraumatic and nondrowning

death in a patient with epilepsy, with or without evidence

for a seizure, and excluding documented status epilepticus,

where the autopsy examination does not reveal a toxicolog-

ical or anatomical cause of death’. This is the commonest

cause of death in epileptics and epidemiological studies

show that it occurs most commonly in chronic epileptics

with poorly controlled seizures. The women that were not

diagnosed as dying of SUDEP had seizure-related deaths.

One had hypoxic brain damage following a prolonged sei-

zure, one sustained chest trauma following a seizure and

this resulted in empyema with subsequent intracranial

abscess, endocarditis and multi-organ failure. The third

woman died while bathing, which emphasises the impor-

tance of women with epilepsy receiving advice about the

risks of bathing themselves and their babies while unat-

tended. This woman had received pre-pregnancy counsel-

ling from a neurologist, but there is no documentation to

indicate that this specific risk was mentioned.

Nine of the 14 women with epilepsy died while pregnant.

One died approximately 4 weeks after a miscarriage and

four women died in the postpartum period. One woman
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Figure 10.1. Total Indirect maternal mortality rates for all causes of Indirect deaths combined; cardiac, psychiatric and Other Indirect; UK: 1985–2008.
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died of SUDEP before she was aware that she was preg-

nant. Of the 11 women who had sought antenatal care,

only six were referred to a healthcare provider with an

interest in epilepsy. It is of paramount importance that

women with epilepsy are seen by healthcare providers with

expertise in the management of the condition. The reasons

for not referring varied. In some cases the obstetric and

midwifery team do not appear to have perceived maternal

epilepsy as a high-risk condition. This attitude is inappro-

priate given the large number of deaths from epilepsy in

pregnancy. For example:

One woman with a known history of epilepsy was taking

lamotrigine and had a seizure a few days after delivery. She

was treated as having eclampsia despite having no hyper-

tension, nor proteinuria, and the only biochemical abnor-

mality was raised serum urate. She was not referred to a

neurologist at any stage during pregnancy or the postnatal

period and lamotrigine levels were never checked. Even at

the incident review after her death there was no mention of

the need for referral to a neurologist or physician with expe-

rience in managing epilepsy.

In another case the neurology service did not make an

appointment until nearly 5 months after receiving an initial

referral. Failure of the neurology service to review this

woman despite an urgent referral represents substandard

care.

Only six of the 14 women with epilepsy had received

pre-pregnancy counselling. Several women might not have

died if they had been advised about the maternal risks in

pregnancies complicated by epilepsy, hence the key recom-

mendation at the beginning of this chapter.

One-third of the epileptic women who died in this

report had difficult social circumstances that were likely to

cause them to be excluded from mainstream healthcare

provision. Two had a history of domestic abuse necessitat-

ing involvement of the police or social services, another

had suffered physical abuse from her stepmother before

marriage at an early age and there was subsequent evidence

of bullying from her mother-in-law. Another woman had

paranoid schizophrenia. Healthcare providers should be

aware that women with epilepsy who also live in difficult

social circumstances are at particular risk of poor seizure

control and require additional effort to ensure their disease

is well controlled.

Cerebral artery thrombosis
Four women died of cerebral thrombosis, a rate of 0.17 per

100 000 maternities. Two deaths occurred in the first tri-

mester. In the first, magnetic resonance imaging (MRI) was

inappropriately withheld because of unwarranted fears

about its use during pregnancy and in the other woman

ectopic pregnancy was not considered:

An older woman with learning difficulties who had a his-

tory of cerebrovascular accident (CVA) was admitted with

new symptoms of hemiparesis on the opposite side. She

developed right iliac fossa tenderness as an inpatient and

was subsequently found to have a ruptured ectopic preg-

nancy. There was a delay in gynaecological assessment and

it is likely that the resultant blood loss and cerebral hypop-

erfusion exacerbated her CVA.

There are also two women with likely cerebral vein throm-

bosis in this Report, counted in Chapter 2, but the diagno-

sis was not straightforward in either of them. Both

presented with headache and neurological symptoms after

delivery at term. They also both had previous medical com-

plications that could have caused dehydration. In addition

they were obese, which has become recognised as a clear

risk factor for venous thromboembolism. One may have

had Wernicke’s encephalopathy following protracted vom-

iting.

Intracranial haemorrhage
Eleven women died of intracranial haemorrhage, 0.48 per

100 000 maternities. Six had subarachnoid haemorrhage

and five had intracerebral bleeds. None of the bleeds were

associated with labour and only two women died undeliv-

ered. Six of the women presented with sudden collapse or

severe headache with rapid deterioration and subsequent

death. Four women had no previous symptoms to alert the

healthcare providers that they were at risk of an intracra-

nial bleed.

Of those that presented with symptoms, one woman

complained of headache several times while pregnant and

another had eye pain with blurred vision. The two women

who did not present with rapid deterioration of their men-

tal state both complained of headache at the time of pre-

sentation. Two women had antenatal hypertension and in

one woman this was not adequately monitored. Five

women had substandard care. The reasons ranged from

obstruction to obtaining MRI scans and failure of the clini-

cal team to think of the diagnosis, to inappropriate contin-

uation of medication that would exacerbate pre-existing

hypertension. The case described below illustrates the

importance of referral to senior clinicians with experience

in managing neurological disease in pregnancy. If this

woman had been investigated thoroughly the diagnosis

might have been made at a time when intervention was

possible:

An asylum seeker was treated with labetalol for hyperten-

sion at booking which subsequently settled and treatment

was stopped. She complained of episodic headache through-

out pregnancy and presented at term with frontal headache

and hypertension but no investigations were performed and

she was discharged home after delivery. A few days later
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she complained of severe headaches, pain and visual distur-

bance and altered facial sensation and although she was

reviewed by junior medical, neurological and obstetric staff,

there is no evidence of senior review. An MRI was per-

formed to exclude cerebral vein thrombosis and arterial dis-

section; however, the possibility of cerebral haemorrhage is

not mentioned in the notes and computed tomography (CT;

the imaging modality most likely to demonstrate an acute

cerebral bleed) was not requested at this time. She was dis-

charged and re-admitted 2 weeks after delivery having col-

lapsed at home. A CT scan showed subarachnoid

haemorrhage.

Four of the women who died from subarachnoid haemor-

rhage had difficult social circumstances. One was an asy-

lum seeker and another was a refugee. Two were known to

social services through drug use, violence or both.

Although this is unlikely to have been a cause of the sub-

arachnoid haemorrhages, it is possible that these women

had more barriers to obtaining rapid antenatal/medical

assessment than women who do not have adverse social

circumstances. This in turn may have led to delayed diag-

nosis and therefore to worse clinical outcomes. Smoking is

a recognised risk factor for aneurysmal subarachnoid

haemorrhage and two of the women in this group were

smokers.

There were five women with intracerebral haemorrhage.

In one woman the symptoms occurred almost immediately

after delivery and another two presented several days post-

natally. For example:

A woman saw her GP in early pregnancy complaining of

several episodes of numbness, tingling and inability to lift

her arm over the past year or so. She was referred to a neu-

rologist and she received an appointment for 3 months

later. She then mentioned these episodes in the antenatal

clinic and was also referred for a neurology opinion. The

neurologist associate specialist who saw her shortly after-

wards recommended an MRI after delivery. She was admit-

ted near term with slurred speech, headache, visual

symptoms and numbness on one side and referred to the

medical team. The medical specialist registrar did not feel

that the woman needed an urgent review and suggested a

neurology review the following week but the obstetric team

re-requested a review to exclude remediable neurological

disease, clearly stating that they were happy for her to have

an MRI in pregnancy and recommended expediting the

scan but this was not performed. A few days after an

uneventful delivery she was found dead at home and an

autopsy revealed a large intracerebral haemorrhage.

In another case, a woman had a rare hereditary condition

that predisposed to intracranial haemorrhage. Neither her

GP nor her obstetric team appeared to realise that this

woman was at high-risk, further underlining the impor-

tance of communication and the need to refer to specialists

if the healthcare providers are not experienced at managing

complex medical disorders.

Other lessons to be learnt from these cases are that

women with new and potentially serious neurological

symptoms in pregnancy must be seen promptly by a spe-

cialist who also understands that all imaging modalities can

be used in pregnancy if necessary, and the implications of

headache and unilateral weakness or numbness. Further-

more, neurological symptoms late in pregnancy mandate

an urgent review and cerebral imaging if indicated.

Meningitis/infection
Three women died of central nervous system infection of

whom two had pneumococcal meningitis. Both of these

women had complained of headache the day before death,

but there were no specific clinical features to suggest men-

ingitis or sepsis. Both women deteriorated rapidly and died

the next day. In the third woman meningitis was part of

the differential diagnosis but no senior staff were involved

in her care and no antibiotics were given. She had a respi-

ratory arrest while being investigated and died soon after.

Other neurological deaths
Other women died from a spectrum of rare or difficult to

explain neurological diseases. For example, one had a

recurrent carotid artery dissection despite excellent man-

agement by a multidisciplinary team that included neurolo-

gists, obstetricians and neurosurgeons. Another pregnant

mother, who had an unremarkable medical history and a

previous uncomplicated pregnancy, collapsed and died at

home after a 2-week history of nausea and vomiting. Her

autopsy showed a colloid cyst adjacent to the foramen of

Monro and other features consistent with raised intracra-

nial pressure that was thought to be the cause of death. A

further woman was found dead in the bath close to the

time of delivery. She had a history of undiagnosed absence

seizures and had been given an opiate for pain relief in

labour. Women with seizures should not bathe unsuper-

vised. Showering is preferable. While the opiate treatment

is unlikely to have caused her death alone, it would have

increased her risk of death should she have had a seizure

or syncopal attack.

Infectious diseases
The deaths of seven women are discussed here.

Bacterial infection
There has been concern about the increasing number of

deaths from acute streptococcal infections, which has also

been raised in Chapter 7. For this report the majority of

the streptococcal infections presenting in pregnancy and
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for 6 weeks after delivery continue to be counted as Direct

deaths even if there was no evidence of genital tract infec-

tion. In future, these deaths may be classified differently

and considered elsewhere as discussed in the Annex to

Chapter 7. However, one woman who died from strepto-

coccal disease also had HIV infection and is counted here.

In another case:

A pregnant woman died from staphylococcal pneumonia

and septicaemia in association with Influenza group B. She

also had mild bronchial asthma for which she had attended

the Emergency Department a few days previously. Her care

in the Emergency Department was good. Her asthma was

not severe at the time and the advice to increase her salbu-

tamol inhalation and take a short course of oral steroids

was appropriate. Data from previous pandemics suggest

that women are more likely to die from influenza when

pregnant.

A further woman died in the puerperium from a Gram-

negative infection and liver abscesses having been admit-

ted in extremis with an acute abdomen. She had attended

her GP with back pain several times after delivery and

was reassured each time without investigation. Although

backache is common in the puerperium, multiple atten-

dances must be taken seriously and demand further inves-

tigation.

Viral infection: human immunodeficiency virus
One woman with known HIV infection was not responding

to treatment, perhaps because of failures of compliance.

She was admitted with overwhelming streptococcal pneu-

monia, had an inevitable miscarriage and died a few hours

later. In another case:

A woman with a complex social history refused admission

for a chest infection in pregnancy because she was con-

cerned her children would be taken into care and she only

saw a midwife a few weeks later. She was not fully booked

for several more weeks because she missed a scan appoint-

ment which was not followed up. She was eventually admit-

ted with pneumonia caused by Pneumocystis carinii and a

diagnosis of HIV infection was made. She was discharged

home and her midwives were not informed. Her HIV ther-

apy was delayed for several more weeks and none was given

when she went into preterm labour because there was no

HIV protocol on the delivery suite and no advice could be

obtained after hours. She was delivered by caesarean section

for fetal distress and died later from overwhelming sepsis

and colitis.

There is no evidence that the HIV team was involved in

her care. In newly diagnosed cases of HIV infection a con-

sultant obstetrician should be involved as soon as the diag-

nosis is made. HIV/AIDS is now a treatable disease.

Tuberculosis
Two women from the Indian subcontinent died of tuber-

culosis (TB) but were diagnosed late. In one this was

because her chest symptoms were first ascribed to pulmo-

nary embolus. The other woman was initially thought to

be suffering from anorexia nervosa, an erroneous diagno-

sis confirmed by a consultant psychiatrist because of

weight loss in the first half of pregnancy. When TB was

suspected it was impossible to perform an immunological

TB skin test because the test was only available on certain

days of the week. She died shortly afterwards and her

autopsy showed miliary TB with nodules over lungs and

peritoneum. Anorexia is exceedingly uncommon in preg-

nancy, if only because such women do not ovulate, and

all underlying causes for weight loss should be excluded

before considering a psychiatric referral. Immunological

tests for TB should be readily available for high-risk

women, especially as TB is becoming more prevalent.

A UK Obstetric Surveillance System (UKOSS) prospective,

national study of TB in pregnancy between August 2005 and

August 2006 reported an estimated annual incidence of 42

cases per million maternities (95% confidence interval 29–59

per million maternities7). The disease was limited to women

from ethnic minorities as in the two women described here.

Extrapulmonary disease was as common as pulmonary in

the UKOSS study but only women with pulmonary disease

died. From these figures the estimated total number of cases

of TB in the triennium was 266 (95% CI 184–374). As two

pregnant women died from TB in this triennium, the esti-

mated case fatality rate of TB in pregnancy in 2006–08 is

1:133 known cases (95% CI 1:92 to 1:187).

Respiratory diseases

Bronchial asthma
Five women died from asthma this triennium, 0.22 per

100 000 maternities, a similar number to those in the two

previous Reports. None had specialist care in pregnancy

even though three had had many hospital admissions or

had brittle asthma that was particularly difficult to treat.

For example:

A woman who had asthma since childhood had at least 20

referrals for hospital care within the previous few years,

including some episodes where she had a cardiac arrest.

During her pregnancy she was cared for entirely within the

community and had no specialist referral. Asthma was not

mentioned in her GP’s referral letter.

Although asthma does not of itself deteriorate in preg-

nancy, women often withhold or decrease asthma medica-

tion because of the unfounded fear that it will harm the

fetus. They need specialist care in pregnancy if only to reas-
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sure them that this is not so. Fears that medication for

women with asthma will harm the fetus extends to their

medical attendants, as in the case of another young woman

with brittle asthma who was incorrectly told by her GP to

stop prednisolone in early pregnancy.

In the case of a woman who died from acute severe asthma

after a medical termination of pregnancy:

A woman was known to be atopic and to suffer from

asthma. The nature of the drugs used for the termination

was not available to the assessors but they are likely to have

been Mifepristone, a progesterone and glucocorticoid antag-

onist, followed by misoprostol a prostaglandin of the E ser-

ies. The procedure took 2 days, as usual, but on discharge

she became breathless and she was reluctant to use her

asthma medications because she thought they might interact

with the drugs given for her termination. She died a few

hours after discharge.

There has been concern about the use of Mifepristone in

women with asthma because progesterone is a bronchodila-

tor and a progesterone antagonist might cause bronchocon-

striction. Also a glucocorticoid antagonist has the potential

to antagonise endogenous cortisol and steroids used for the

treatment of asthma. But the British National Formulary

(BNF) advises against the use of Mifepristone only in

severe and uncontrolled asthma, which this woman did not

have. With regard to misoprostol there has also been con-

cern about the use of prostaglandins in women with

asthma and the BNF also has a specific warning about this.

However, the evidence for prostaglandin-induced broncho-

constriction is only clear for prostaglandins of the F2a ser-

ies such as Carboprost, not those of the E series such as

Misoprostol. Many women with known asthma have been

give prostaglandin E for induction of labour without

adverse outcome. It seems unlikely that this was a case of

Mifepristone-induced or misoprostol-induced bronchocon-

striction. However, this incident should be noted in case of

further occurrences. Bronchial asthma is not a contraindi-

cation to medical termination of pregnancy.

Respiratory infectious disease
Four women died of pneumonia this triennium, most of

whom had underlying social factors such as severe depriva-

tion. For example:

A pregnant woman who spoke no English died after admis-

sion from pneumonia without any causative organism being

found. According to the relative who acted as her inter-

preter, she had been breathless for a week but had not

reported this because she thought it normal for pregnancy.

Her condition deteriorated and she required ventilation on

the Critical-Care Unit until she was delivered. She died a

few days later.

This woman’s medical care was good once she was admit-

ted. The problem was the delay. It will never be known if

her breathlessness was trivial; but maternity services must

make efforts to make their services accessible to deprived

immigrants who do not speak English.

Endocrine, metabolic and immune diseases

Endocrine
Three women died from diabetes mellitus, 0.13 per 100 000

maternities, all probably because of hypoglycaemia. In a

typical example:

A woman with known insulin-dependant diabetes went to

see her GP very early in pregnancy but was asked to come

back some weeks later for booking bloods and to be referred

to the antenatal clinic. A month later and a wasted 6 weeks

after she first saw her GP, the booking bloods showed a high

glycosylated haemoglobin indicating poor diabetic control.

The booking midwife consulted the diabetic specialist nurse

and arranged for her to be seen in the obstetrician’s and

diabetologist’s separate clinics. She saw a diabetic specialist

nurse who planned 2-weekly review. The diabetic nurse

noted several episodes of dangerously severe hypoglycaemia.

She first saw the consultant diabetologist a few months fol-

lowing her first visit to the GP and died of a hypoglycaemic

attack soon after.

All women with pre-existing diabetes should have pre-preg-

nancy counselling and this woman’s complicated diabetes

should have been under consultant care whether she was

pregnant or not. This woman should have been seen in a

combined diabetic/obstetric clinic much earlier in preg-

nancy, which could have been organised by telephone

immediately after she saw her GP given the importance of

good diabetic control in early pregnancy. Her own obstetric

centre itself was too small for a combined diabetic/obstetric

clinic and there was a lack of communication between

the ‘diabetic centre’ and the obstetric–midwifery team; the

woman was not advised to take her hand-held notes to the

diabetic centre. Her partner did not seem to have been

instructed on how to give glucagon.

This was a case of hypoglycaemic death in a woman trying

desperately to control diabetes in early pregnancy, as

occurred in the other two deaths from diabetes. This is a

problem noted in previous Reports. A fine balance has to be

drawn between correctly encouraging women to optimise

their diabetic control and frightening them so much that

they risk serious and sometimes fatal problems from hypo-

glycaemia. In addition, as noted in the Key recommenda-

tions, women whose pregnancies are complicated by

potentially serious medical conditions should be referred to

appropriate specialist centres of expertise where both care for

their medical condition and their obstetric care can be opti-
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mised. The obstetric centre where this woman was managed

was too small to have a proper combined diabetic and

obstetric clinic. She should have been referred elsewhere.

Immunological disorders
Four women, 0.17 per 100 000 maternities, died either

from systemic lupus erythematosus (SLE) or from other

causes where lupus was a factor. Another case associated

with SLE is counted in the Haematology section because

thrombotic thrombocytopoenic purpura was her primary

cause of death. For some of these women there were,

again, failures of communication. For example one recent

immigrant spoke little English and her relative, who tried

to translate, spoke even less. No history was recorded by

the GP at booking in early pregnancy and no examination

was performed. Three months later she complained of

multiple joint pains and soon after she was admitted des-

perately ill with polyarthralgia due to SLE. She was trans-

ferred to a tertiary centre but died 3 weeks later of multi-

organ failure. The need for interpreters in the community

is still not being met. Under these circumstances, consid-

eration should be given to referral to hospital where inter-

preters are usually more easily available, if only for a

single consultation.

In another case, also discussed in Chapter 11:

A woman was incorrectly told to stop hydroxychloroquine

when she became pregnant and when the equally impor-

tant problem of positive extractable nuclear antigens

(ENA) antibodies, which may cause congenital heart

block, was ignored. She was admitted several times in

pregnancy feeling unwell and was eventually seen by the

liaison psychiatrist. She became very disorientated after

delivery when she was found to have lupus nephritis. She

died soon after delivery from multiple organ failure.

The need remains for physicians who do not work directly

with pregnant women to know more about the interaction

between the conditions that they are treating and preg-

nancy.

One further woman died from anaphylaxis following

intravenous Augmentin given for pyrexia in labour. She

had been asked about drug allergy in pregnancy and before

the Augmentin was given. There was no substandard care.

Women still die from anaphylaxis.

Metabolic disease
Failure of communication and unavailability of hospital

notes were the principal reasons why a woman died with, a

rare inborn error of metabolism, which predisposes to hyp-

oglycaemia and lactic acidosis.

She attended a physician in an obstetric clinic where her

previous pregnancy had been managed successfully. She

too spoke little English. Her hospital notes were unavail-

able and there was no booking letter but fortunately the

physician remembered her. She complained of nausea and

vomiting but was reluctant to be admitted. The physician

advised on outpatient treatment and told the woman how

she/he could be contacted. Her vomiting got much worse

and she was admitted to a gynaecology ward via the

Emergency Department. Her notes still could not be

found. The physician was not called despite a request

from her relatives who said that she had hypoglycaemia

and needed a central line. There were difficulties obtain-

ing intravenous access. She was eventually found to be

grossly acidotic and was admitted to the intensive-care

unit where she died some weeks later from septicaemia

and multi-organ failure.

The failures were that the junior staff did not listen to the

woman or her relatives and that her notes should also have

been available.

Another woman died from an extremely rare autosomal

recessive condition associated with other physical problems

leading to mild or fatal disease. Her consultant obstetrician

appears to have made no attempt to read or consult about

this condition, which has never been described in preg-

nancy before. Health workers who are caring for women in

pregnancy with conditions that they are not familiar with

should take the trouble to consult experts, if only by tele-

phone.

Diseases of the gastrointestinal tract
There were nine deaths from disease of the gastrointestinal

tract, of which two were from complications of duodenal

ulcers. In both women, the diagnosis was made too late.

One woman was admitted on several occasions in late

pregnancy with increasingly severe epigastric pain eventu-

ally requiring opiates. She delivered and went home with

no clinical observations recorded. She was readmitted a few

days later with a fatal haematemesis. Another woman

developed abdominal pain in mid-pregnancy which was

thought to be the result of her intercurrent pre-eclampsia.

After delivery the pain worsened with a tense abdomen and

guarding. After more than 24 hours she eventually saw a

consultant obstetrician and she died in surgery from a per-

forated duodenal ulcer. In both of these women the clini-

cians did not think beyond the possibility of pregnancy-

related complications soon enough. Consultants were

involved too late in the second woman, where steroids

given for fetal lung maturation may also have contributed

to the perforation.

Several women died from complications of cirrhosis

or liver disease and one from hyperlipidaemia. In these

and several other women the responsible clinicians

seemed to be unaware of the high-risk nature of the
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women’s pregnancies. They were managed at different

hospitals for their medical conditions and there was a

lack of communication between services. They were

often treated inappropriately by junior staff. Women

with rare conditions and high-risk pregnancies such as

these need pre-pregnancy counselling and then to be

managed jointly at tertiary centres by the relevant spe-

cialist and obstetric services. They are likely to require

an anaesthetic assessment before delivery and any opera-

tive interventions must be undertaken by fully trained

consultants.

There were no deaths this triennium from Ogilvie syn-

drome. There was, however, one death from pseudomem-

branous colitis and two from Crohn’s disease.

One of these two women was admitted many times in preg-

nancy before she was found to be obstructed. She was dis-

charged severely anaemic following surgery and readmitted

moribund 3 weeks later. She could not be resuscitated and

died from complications of the original surgery. There had

been no communication between the surgeons and the

obstetric team. She had never been seen by a gastroenterolo-

gist despite her multiple admissions.

As indicated in the Key recommendations above: multiple

admissions or attendances for emergency care demand fur-

ther investigation and are often a reason for referral to spe-

cialists in other disciplines.

Diseases of the blood
Two women died from thrombotic thrombocytopoenic

purpura (TTP) (one per million maternities), a rare hae-

mangiopathic haemolytic anaemia which is relatively more

common in pregnancy. One of these women died from a

myocardial infarct. Infarction is common in TTP because

of small-vessel coronary thrombosis. One woman with

known connective tissue disease went to an Emergency

Department with chest pain and was triaged by nursing

staff to the Obstetric Day Unit where she only ever saw a

junior doctor. Although her blood tests showed florid red

cell fragmentation, a main diagnostic feature of TTP, this

was not reported or transmitted to the specialist unit to

which she was referred the next day. She died with multiple

thrombi in the heart. Here again there was lack of referral

in early pregnancy to a specialist unit of a highly complex

case at very high risk.

A woman with haemoglobin SC disease developed a

urinary tract infection that was ignored and led to Strep-

tococcus pneumoniae sepsis and death from septicaemia.

She had been labelled as having sickle cell trait despite

having had previous sickle cell crisis and documented

haemoglobin SC disease on the hospital computer. She

had no pre-pregnancy counselling and no referral to a

specialist haematologist until the day that she died. Previ-

ous reports have emphasised the risk of haemoglobin SC

disease. Clinicians are unaware that it is a sickling condi-

tion and are misled by the relatively high haemoglobin

concentration.

Circulatory conditions
One woman died of a spontaneous ruptured splenic artery.

Splenic artery rupture is relatively more common in preg-

nancy, whether an aneurysm is present or not. Another

woman died of a ruptured spleen, which is very uncom-

mon in pregnancy. In a further case of ruptured spleen it

is possible that this woman’s spleen ruptured during the

paramedics’ attempts at resuscitation, particularly as she

was morbidly obese.

Air embolus
One or two deaths from air embolus usually occur in each

triennium. In this case:

A woman who died from air embolus collapsed with

breathlessness during sexual intercourse about 2 weeks after

vaginal delivery. At autopsy there was frothy blood in the

pulmonary trunk and exuding from the myometrium and

there were gaping vessels in the uterus.

In this form of air embolus, air is forced from the vagina

into the uterus and enters the venous circulation through

the vessels of the raw vascular bed. The resultant froth in

the right ventricle effectively causes a cardiac arrest because

of lack of cardiac output. This is a recognised but rare

cause of maternal death. Couples are advised to preferably

abstain from sexual intercourse for 6 weeks postnatally or

have only gentle intercourse and to avoid positions/prac-

tices where excessive air could be forced into the vagina.

Rare conditions
A previously fit woman had a cyanotic attack in the night.

She was dead by the time she arrived in hospital. At

autopsy the larynx and epiglottis were oedematous. Because

of high immunoglobulin E tryptase levels and following

discussion with a clinical immunologist the cause of death

was given as idiopathic angio-oedema.

One woman died from benign metastasising leiomyoma-

tosis and another from congenital muscular dystrophy of

unknown type and severe kyphoscoliosis. They are both

counted in the other respiratory conditions section of

respiratory disease. Both had been advised against preg-

nancy but they elected to continue, despite medical advice.

Women with very serious medical complications, particu-

larly respiratory and cardiac, may die in pregnancy even

with the very good care that these women received. Once

fully informed of the situation, if they choose to continue

with pregnancy they should be allowed to do so with

dignity.

Chapter 10: Other Indirect deaths
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Cancer
Pregnancy does not alter the incidence or prognosis of

most malignancies compared with similar cancers diag-

nosed at the same stage in nonpregnant women. Pregnancy

may, however, accelerate the growth of some cancers, par-

ticularly those which are hormone-dependent such as can-

cers of the breast and reproductive tract, or those which

occur in the blood, brain or skin. Choriocarcinoma, of

which there were two reported cases this triennium, is the

only malignancy directly linked to pregnancy.

Deaths from cancer and other tumours have had a

chapter to themselves in the last two Reports. As fewer

Coincidental deaths were reviewed this triennium, and also

because the general lessons do not change very much, the

lessons from these women have been included in this

chapter for this Report. Earlier Reports contain much

more detail on cancer in pregnancy and are still relevant

today.

The Enquiry assessors considered the deaths of 14

women who died of cancer during 2006–08, the details of

which are shown in Table 10.2. The deaths of two women

who died from choriocarcinoma were classified as Direct

or Late Direct and three related to hormone-dependent

tumours were classified as Indirect. The case of a woman

who died from an infection related to cancer of the cervix

is not counted here but is counted and discussed in

Chapter 7. The deaths of three women with longstand-

ing breast cancer before pregnancy were assessed to be

Coincidental.

For the first time in the continuing series of these

Reports, the majority of the women reported to the

Enquiry who died from cancer received a good, if not

excellent, standard of care. There was ample evidence of

joint care plans being developed with oncologists, paedia-

tricians, anaesthetists and others and those who cared for

them gave sensitive statements to the Enquiry. From the

cases assessed for this triennium, in only two could it be

said that the diagnosis was delayed, but in one by only a

few days. In the other case however:

A very young girl with a complex social history was unwell

for a year or so with vomiting and severe loss of weight.

Her symptoms were ascribed to an eating disorder although

she did not seem to have been referred for psychiatric care.

Early in her illness she attended the local Emergency

Department with a history of vomiting, abdominal pain

and irregular periods and a positive pregnancy test was

overlooked and not followed up. During the succeeding

months, she repeatedly returned to the Emergency Depart-

ment with similar symptoms but no pregnancy test was per-

formed, perhaps because of her age. Her symptoms were

either ascribed to an eating disorder or gastritis. Nearly a

year after her positive pregnancy test she was admitted and

died of a cerebrovascular accident because of disseminated

choriocarcinoma.

The care this girl received was substandard in many ways.

First, she was not told of her positive pregnancy test and

it was not followed up. This was particularly important

because she was a very young and vulnerable girl who

would have needed intense support during her pregnancy

in any event. The pregnancy test was never repeated

despite numerous attendances with similar symptoms,

which were always ascribed to an ‘eating disorder’

although this diagnosis was never recorded in her GP’s

notes nor had she received a psychiatric assessment.

Numerous opportunities were missed to investigate her

symptoms further although she did have an extremely rare

condition.

Pathological commentary
These Other Indirect deaths were very heterogeneous. Not

all had autopsies and where the quality of the autopsy

report was deemed substandard there were the usual issues

of not taking enough or any samples for histopathology

and not thinking through the diagnostic possibilities inher-

ent in the death. As the Royal College of Pathologists

guidelines emphasise, consultation with relevant clinicians

can be invaluable in complex cases, and these autopsy

reports contain little or no evidence of such deliberations

taking place.8

Neurology

Epilepsy
Of the 14 women with epilepsy, all had autopsies, and the

standard overall was good, in that they addressed the criti-

Table 10.2. Numbers of assessed deaths from cancer or other

tumours by type of maternal death; UK: 2006–08*

Site of cancer Direct Indirect Coincidental Late

Direct

Total

Choriocarcinoma 1 1 2

Breast 2 3** 5

Ovary 1 1

Lung 2 2

Gastrointestinal tract 3 3

Unknown primary 1 1

Total 1 3 9 1 14

*Late Indirect and Late Coincidental deaths from cancer were not

considered this triennium.

**Although these tumours may be aggravated by pregnancy, in

these cases the assessors considered the deaths to be unrelated to

pregnancy because they were already in an advanced state of dis-

ease before pregnancy.
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cal questions of alternative diagnoses to epilepsy, which is

important in the case of SUDEP, and included ancillary

blood tests to identify anticonvulsant and other drugs. The

basic mechanism of SUDEP is thought to be an arrhythmia

occurring during an epileptic seizure, stopping the heart

beat.

Cerebral thrombosis
Autopsies were performed in the minority of women with

ischaemic stroke because imaging pre-mortem usually

identifies the pathology. Thrombophilia was a factor

already known in one woman. The pathologist cannot

identify an inherited thrombophilic state post-mortem

because functional blood clotting tests cannot be

performed on autopsy blood. Genetic studies of DNA for

known prothrombotic conditions have not been validated

on autopsy material.

Not all of the cases of stroke were aetiologically resolved.

In one woman, who died of a thrombotic stroke in the

puerperium and did not have an autopsy, the diagnosis

could have been arterial occlusion, possibly from paradoxi-

cal thromboembolism, sagittal sinus or cerebral vein

thrombosis, or tuberculous meningitis. Obviously, knowing

which was the case, would have informed clinical audit, as

well as categorising the case better as a Direct, Indirect or

Coincidental death.

Cerebral haemorrhage
Subarachnoid haemorrhage

Of the six women who died with a subarachnoid haemor-

rhage, only one had an autopsy. The others were diagnosed

at CT scan and/or craniotomy, with the aneurysm identi-

fied along with the subarachnoid and intracerebral haemor-

rhage. With a confident clinical cause of death there was

no requirement for a medico-legal autopsy. The single

autopsy exemplifies some of the problems in specifying the

cause of death when women present as ‘death in the com-

munity’:

An obese woman collapsed in a car park toward the end of

pregnancy and was dead on arrival at the Emergency

Department. Her booking blood pressure was 110/

80 mmHg. The neuropathological autopsy found a ruptured

berry aneurysm and subarachnoid haemorrhage; but the

heart weighed 411 g, definitely enlarged with left ventricular

hypertrophy. The kidney was not scrutinised for glomerular

endotheliosis (the histological marker for pre-eclampsia), so

the questions regarding the underlying predisposition for

aneurysm rupture remain open: was this essential hyperten-

sion despite the booking blood pressure, acute pre-eclampsia

with rise in blood pressure, obesity cardiomyopathy and

coincidental ruptured aneurysm or idiopathic left ventricu-

lar hypertrophy with ruptured aneurysm?

Infection
The women with apparently primary bacterial pneumonias

were not well evaluated at autopsy apart from a women

who died in her second trimester from staphylococcal

pneumonia complicating type B influenza. For the other

women, no attempt at lung microbiology was made,

which is disappointing given the importance of the epide-

miology of community-acquired pneumonia in this age

group. In neither of the two HIV-positive women was a

coronial autopsy necessary, but in one woman it was per-

formed. However, the pathologist showed little insight

into the complex pathologies encountered in late-stage

HIV disease, and the report would have helped neither

the HIV doctors nor the obstetricians in their clinical

audit.

Diabetes
All the women who died of diabetic hypoglycaemia had

autopsies, which were not all well done. In two of the

three women the characteristic red neurone change in

the brain was not documented histologically and nor were

the glucose and insulin levels measured in blood and

vitreous fluids.

The associated dead-in-bed syndrome is worth mention-

ing as a relatively new entity. The basic mechanism of SU-

DEP is thought to be an arrhythmia occurring during an

epileptic seizure, stopping the heart beat. Similarly with

unexplained deaths in diabetes, the so-called diabetic

‘dead-in-bed syndrome’. This was documented twice in this

triennium in women who had been insulin-dependent dia-

betics for more than 10 years. For example:

A woman with longstanding type 1 diabetes for many years

and who had had many hypoglycaemic episodes, was found

dead in bed in mid-pregnancy. The post-mortem biochemis-

try for glucose and insulin was ambiguous, as is often the

case but the brain histopathology showed hypoglycaemic-

type neuronal necrosis. The diabetologist consulted on the

case proposed the sudden nocturnal death in diabetes sce-

nario, which comprises a diabetic autonomic neuropathy,

and a long QT interval—leading to fatal arrhythmia.9 Sig-

nificantly this is not just hypoglycaemia causing death; hyp-

oglycaemia is critically associated with cardiac electrical

instability.

Liver disease
Two women died as a result of bleeding from cirrhotic

portal hypertension. The deaths of two other women

highlight how complicated medicine can be, because what

actually happened was not finally resolved despite good

autopsies. In a woman who had liver abscesses and peri-

tonitis, the route of infection was not ascertained, despite
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a thorough autopsy with many significant ‘negatives’. Pos-

sibilities include the throat, though this should have been

clinically obvious from severe local pain, the vagina and

the faecal flora. In the second difficult case, with focal

nodular hyperplasia of the liver and then fatal intra-

abdominal bleeding, the combination of the laparotomy

and autopsy findings concluded that there was probably

spontaneous tearing of liver–spleen adhesions. Focal nodu-

lar hyperplasia is not known to be associated with preg-

nancy.

Thrombotic thrombocytopoenic purpura
TTP is rare, and in both women it was diagnosed or sug-

gested before death. Rapid death, as in these women,

results from cardiac thrombotic microangiopathy with

ischaemic cardiac failure. The laboratory data of low plate-

lets with normal clotting factors is distinctive. The autopsy

histopathology is similarly characteristic, with thrombotic

microangiopathy in the renal glomeruli as well. One can

distinguish the two aetiological patterns of thrombotic

microangiopathy with immunohistochemistry: in TTP, the

thrombi are nearly pure platelets (stained well with anti-

bodies to CD61), whereas in disseminated intravascular

coagulation, the thrombi contain more fibrin (demonstra-

ble with anti-fibrin antibodies) than platelets.

Sickle cell disease
The pathology of the sickle cell deaths from sepsis is dis-

cussed in Chapter 7. In another death from sickling, a

woman with haemoglobin SS disease was being investigated

for chest pain in hospital when she collapsed and died. The

autopsy reportedly showed ‘myocardial ischaemia’. But cor-

onary artery disease at this age is rare, venous thromboem-

bolism is unlikely in haemoglobin SS disease, and the acute

sickle chest syndrome is a more likely pathology. Sickle

autopsies, like HIV and maternal autopsies, can be compli-

cated, and need consideration and a full protocol procedure

as described in the Royal College of Pathologists Autopsy

Guidelines on Sickle cell disease, 2005.10

Air embolism
Here the autopsy is critical. Ideally, imaging with CT scan

will identify the gas in the heart before the body is opened,

but routine CT scanning of cadavers has yet to become the

norm. In this woman, the heart was correctly opened under

water in situ in the pericardium and gas bubbles burst from

the right ventricle; there was also frothy blood in the myome-

trium. It is important to note that the presence of gas bub-

bles in the meningeal vessels, once thought to indicate air

embolism, is an artefact that arises from the vacuum tempo-

rarily created within the cranium when the skull bone is

removed. In all peripartum death autopsies, the heart should,

as a matter of protocol, be opened under water.

Unascertained causes of death
There were six women for whom the cause of death was

uncertain, often because the autopsy was inadequate. These

deaths are distinguished from sudden adult death syn-

drome (SADS), where an adequate autopsy has shown no

other cause for death as discussed in Chapter 9. For one

woman a phaeochromocytoma may have been the cause of

death. Another woman had been ill for some weeks before

death with breathlessness and vomiting. She clearly had a

major metabolic problem with grossly elevated blood urea

and serum creatinine and low serum sodium but no other

cause of death could be identified at autopsy. A third

woman with type 2 diabetes taking insulin had a cardiac

arrest. Her death was recorded as being the result of

eclampsia although there was no evidence to support this

other than modest hypertension and a bitten tongue. Her

autopsy was deficient and lacking many details. This death

could have been diabetes related; it could have been cardiac

relating to diabetes or hypertension; it could have been a

sudden adult cardiac death; but because of the other possi-

bilities, it has been classified as unascertained rather than

sudden adult death syndrome.

Conclusion

This triennium the assessors have been struck by the lack

of referral of potentially high-risk women. The reasons for

failure to refer are likely to be multiple. However, medical

care is advancing rapidly and patterns of the delivery of

care in the UK are changing. It must be appreciated that

not all maternity centres can care for pregnant women

with major complications either preceding or developing

in pregnancy. If women with underlying medical condi-

tions are to share in the advances in medicine, many more

must be referred to tertiary medical centres for their care

in pregnancy.
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Psychiatric deaths: specific recommendations

• As has been recommended before, but re-emphasised here, all women should be asked at their antenatal booking visit

about a previous history of psychiatric disorder as well as their current mental health. Women with a previous history

of serious affective disorder or other psychoses should be referred in pregnancy for psychiatric assessment and man-

agement even if they are well. A minimum requirement for management should be regular monitoring and support

for at least 3 months following delivery.

• Psychiatric services should have priority care pathways for pregnant and postpartum women. These will include a low-

ered threshold for referral and intervention, including admission and a rapid response time, for women in late pregnancy

and the first 6 weeks following delivery. Care by multiple psychiatric teams should be avoided. Risk assessments of preg-

nant or postpartum women should be modified to take account of risk associated with previous history, the distinctive

clinical picture of perinatal disorders and the violent method of suicide.

• All mental health trusts should have specialised community perinatal mental teams to care for pregnant and postpartum

women. These should be closely integrated with regional mother and baby units so that all women requiring psychiatric

admission in late pregnancy and the postpartum period can be admitted together with their infants.

• Caution needs to be exercised when diagnosing psychiatric disorder if the only symptoms are either unexplained phys-

ical symptoms or distress and agitation. This is particularly so when the woman has no prior psychiatric history or

when she does not speak English or comes from an ethnic minority.

Introduction and background

As in previous Reports, this chapter describes the key

features of, and derives lessons from, those maternal

deaths arising directly from a psychiatric condition, sui-

cide or accidental overdose of drugs of abuse, as well as

deaths from medical or other causes closely related to a

psychiatric disorder. These latter deaths include those

from the physical consequences of substance misuse and

delays in diagnosis and treatment because of the presence

or assumption of a psychiatric disorder, accidents and

violence.

Perinatal psychiatric disorder

Psychiatric disorder during pregnancy and following deliv-

ery is common, both new episodes and recurrences of pre-

existing conditions. Ten percent of new mothers are likely

to develop a depressive illness,1 of whom between a third

and a half will be suffering from a severe depressive illness.2

At least 2% of new mothers will be referred to a psychiatric

team during this time, and two per thousand will suffer

from a puerperal psychosis.3

The majority of women who develop mental health

problems during pregnancy or following delivery suffer

from mild depressive illness, often with accompanying anx-

iety. Such conditions are probably no more common than

at other times. In contrast, the risk of developing a serious

mental illness (bipolar disorder, other affective psychoses

and severe depressive illness) is reduced during pregnancy

but markedly elevated following childbirth, particularly

during the first 3 months.4

The prevalence of all psychiatric disorders, including

substance misuse, schizophrenia and obsessive compulsive
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disorder, is the same at conception as in the nonpregnant

female population. Pregnancy is not protective against

relapses of pre-existing serious mental illness, particularly if

the woman has stopped her usual medication at the begin-

ning of pregnancy.

Women who have had a previous episode of a serious

mental illness, either following childbirth or at other times,

are at an increased risk of developing a postpartum onset

illness, even if they have been well during pregnancy and

for many years previously. This risk is estimated as at least

one in two, that is these women have a 50% chance of it

recurring in a subsequent pergnancy.5,6 The last three

Reports7–9 also found that over half of the women who

died from suicide had a previous history of serious mental

illness. It is also known that a family history of bipolar dis-

order increases the risk of a woman developing puerperal

psychosis following childbirth.6

Specialist perinatal psychiatric
services

Serious psychiatric illnesses in the last few weeks of pregnancy

and the first few weeks following childbirth have a number of

distinctive clinical features including, importantly, the ten-

dency for sudden onset and rapid deterioration. Half of all

women with puerperal psychoses will have presented by day

seven postnatally, and 90% by 3 months postpartum,4 as

highlighted in the last three Reports. This, together with

other distinctive symptoms10 and the special needs of women

and their infants at this time, has led to national and interna-

tional acceptance of the need for special services for perinatal

psychiatric disorder.11,12 This includes the recommendation

that new mothers who require admission to a psychiatric unit

following birth should be admitted together with their infant

to a specialised mother and baby unit and that specialised

community teams are available for those managed at home.

The findings of the last three Enquiries underpin the impor-

tance of this strategy, as, with few exceptions, the women

who died had been cared for by non-specialised psychiatric

teams unfamiliar with these conditions.

Maternal suicide

Until recently, it had been thought that the maternal sui-

cide rate in pregnancy was lower than would be expected,13

with pregnancy exerting a so-called ‘protective effect’. The

last three Enquiry Reports found that maternal suicide was

more common than previously thought and was a leading

overall cause of maternal death. However, suicide during

pregnancy remains relatively uncommon, and the majority

of suicides associated with pregnancy occur following child-

birth. Overall, the suicide rate following delivery is little dif-

ferent to that among women in the general population, but

it may be that for a subgroup of women, those suffering

from serious mental illness, the suicide rate is substantially

elevated.14 One of the reasons for the misunderstanding

about maternal suicide is that research over the last

40 years has consistently shown that rates based upon coro-

ners’ verdicts alone are underestimates. For the last four tri-

ennia, the Office for National Statistics (ONS) has been

able to link mothers’ deaths up to 1 year after delivery with

recorded births. This revealed that until 2002, around half

of all maternal suicides had not been reported directly to

this Enquiry. Once this under-reporting was corrected, a

more realistic estimate of maternal suicide was possible.

Impact of previous enquiries

The findings and recommendations of the last three Enqui-

ries7–9 have influenced national policy and guidelines,

including the New Horizons Vision for Mental Health,11 The

National Service Framework for Children, Young People and

Maternity Services,15 and the National Institute for Health

and Clinical Excellence (NICE) Guidelines for antenatal and

postnatal mental health.12 All recommend that women

should be asked at their early pregnancy assessment about

their current mental health and a previous history of psychi-

atric disorder. Those at risk of developing a serious mental

illness following delivery should be proactively managed.

They also recommend that sufficient mother and baby units

and specialised community perinatal teams should be estab-

lished to manage women whose pregnancy or postpartum

year is complicated by serious mental illness. The recom-

mendations for screening at booking have been widely

implemented but by no means universally. Specialised

mother and baby units and perinatal psychiatric services are

still not available to women in many parts of the UK.

Key findings 2006–08

Psychiatric disorder is common in pregnancy and after

delivery, and this is reflected in this Report. Not all of the

deaths described in this Chapter are counted as Indirect

deaths due to psychiatric illness. As internationally defined

and discussed in Chapter 1, the only deaths which fit into

this category are those women who committed suicide dur-

ing pregnancy or within 42 days (6 weeks) of the end of

their pregnancy. There were 13 such women this trien-

nium. Deaths from suicide after this time are classified as

Late Indirect. This triennial Report includes only those

deaths that occurred after 6 weeks and within 6 months

(43–182 days) of delivery, of which there were 16. In previ-

ous Reports these deaths were followed up for a calendar

year after delivery, which makes a direct comparison with

earlier Reports difficult. However, it has been possible to

deduce some trends, and these are discussed later.

Chapter 11: Deaths from psychiatric causes
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Deaths from accidental overdoses or abuse of substances

are classified as Coincidental or Late Coincidental, depending

on the timing. There were ten such cases in the triennium

which are counted in Chapter 12, one being also associated

with epilepsy, but the lessons to be derived from them are

discussed here. Psychiatric disorder was also associated with

a number of deaths from other causes found in many other

Chapters of this Report, and these are also discussed here.

A total of 67 deaths as the result of, or associated with,

psychiatric disorder are discussed in this Chapter but may

be counted elsewhere in this Report if the underlying cause

of death was not directly the result of their psychiatric con-

dition. These are shown in Table 11.1.

Suicide
The deaths of 29 women from suicide during their preg-

nancy or within the first 6 months of the end of their preg-

nancy were reported to the Enquiry. Thirteen took place in

pregnancy or within 42 days of the end of pregnancy and

are counted as Indirect deaths by international definition.

There were an additional 16 deaths between 43 days and 6

months following delivery, Late Indirect deaths. Table 11.2

compares the timing of suicides during pregnancy and the

first 6 months after birth with the previous Enquiries as far

as possible.

From Table 11.2 it can be seen that there has been an

increase in the numbers of suicides before six completed

postnatal months since the last two Enquiries, but this is

not statistically significant.

The decrease in suicides during pregnancy and the year

following delivery reported in 2003–05 was largely

accounted for by the fall in the numbers of suicides from

6 months to 1 year. The numbers of suicides in this cate-

gory are not available to the current Enquiry.

The women who died
The ages of the 29 women who died from suicide ranged

from 16 to 43 years with a median of 30 years. The major-

ity of women (76%) were married or in stable cohabita-

tion, and seven were single or living alone.

Most women, 22 of the 29 (76%), were either employed

or, in four women, housewives with employed partners.

Five of the seven who were unemployed were living alone.

Of the 22 who were employed, nine (41%) had been

Table 11.1. Timing of deaths from, or associated with, psychiatric causes. UK: 2006–08

Cause Pregnancy

undelivered

Up to 42 days

after end

of pregnancy

Late deaths

43–182 days after

end of pregnancy

Total

Suicide 4 9 16 29

Accidental overdose from drugs misuse 2 3 5 10

Medical conditions, including those associated with substance abuse 4 16 5 25

Accidents 2 1 0 3

Total 12 29 26 67

Table 11.2. Number and rate per 100 000 maternities by timing of maternal deaths from suicide; UK: 2000–08

Timing of death 2000–02 2003–05 2006–08

n Rate 95% CI n Rate 95% CI n Rate 95% CI

In pregnancy

Before 28 weeks 1 0.10 0.03–0.40 5 0.24 0.10–0.57 2 0.09 0.02–0.35

28–41 weeks undelivered 4 0.05 0.01–0.36 3 0.14 0.05–0.44 2 0.09 0.02–0.35

Postnatal Indirect

Up to and including 42 days after delivery 5 0.25 0.10–0.60 4 0.19 0.07–0.50 9 0.39 0.20–0.75

All Indirect 10 0.50 0.27–0.93 12 0.57 0.32–1.00 13 0.57 0.33–0.98

Over 6 weeks after delivery late Indirect

43–90 days 5 0.25 0.10–0.60 2 0.19 0.07–0.50 4 0.17 0.07–0.47

91 days to 26 weeks after delivery 7 0.35 0.17–0.74 6 0.57 0.32–1.00 12 0.52 0.30–0.92

All Late Indirect deaths 12 0.60 0.34–1.06 8 0.38 0.19–0.76 16 0.70 0.43–1.14

All suicides during pregnancy and up to and including

6 postnatal months

22 1.10 0.73–1.67 20 0.95 0.61–1.47 29 1.27 0.88–1.82

Oates, Cantwell
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educated to A-level. Overall 28% of all women who commit-

ted suicide were in professional occupations. Three of the 29

women were socially excluded, two of whom were young

substance misusers and one an African asylum seeker.

The majority, 26 (90%), were White with the others being

of Black African, Indian or Pakistani parentage. Around half,

15 of 29 women, died during or after their first pregnancy,

the others having older children. Of the nine suicides who

were substance misusers, seven women were single, five were

unemployed and three were under the age of 21.

Suicides: learning point

Over half of the maternal suicides were White, married,

employed, living in comfortable circumstances and aged

30 years or older. In contrast, suicides associated with

substance misuse were mostly young, single and unem-

ployed.

Care needs to be taken not to equate risk of suicide

with socio-economic deprivation.

Method of death
As in previous Enquiries, the majority of the women died

violently, 87%. Over half died from hanging or multiple

injuries from jumping from a height, as shown in

Table 11.3. The method of suicide across this and the three

previous Enquiries for which these data were available is

comparable.

Diagnosis
For all women, there was sufficient information to make a

definite or probable psychiatric diagnosis. These are shown

in Table 11.4. A diagnosis of serious mental illness, affec-

tive psychoses or severe depressive illness was present in 17

(59%) of the women, in keeping with the findings of previ-

ous Enquiries. Nine (31%) had a primary diagnosis of drug

misuse. The range of psychiatric disorders was less than

previously described. There were three suicides with a diag-

nosis of severe grief reaction, two of which followed the

loss of early pregnancy and one the death of a partner.

For eight of the women, their clinicians made the wrong

initial psychiatric diagnosis; in three women the GP and in

five the psychiatric teams. In these eight women, there was

evidence in the notes of signs and symptoms of a severe

depressive illness with psychotic features or, for two

women, of mixed affective psychosis. However, the diagno-

ses made were of anxiety or moderate depression, as well

as one occurrence of puerperal psychosis, adjustment disor-

der. These initial diagnoses had consequences for the level

and intensity of psychiatric care. For some women, the

community mental health team turned down the referral

because it had been presented as anxiety. For example:

A woman died from violent causes some weeks after deliv-

ery. Throughout her normal pregnancy she became increas-

ingly anxious and, by the end of pregnancy, had bizarre

delusional beliefs about her health. At no point was psychi-

atric referral considered. Following delivery, her mental

state deteriorated, and she self-presented to the Emergency

Department agitated and expressing bizarre beliefs about

her health. Her symptoms were clearly documented at her

psychiatric assessment but a diagnosis was made of an anx-

iety state. The community mental health team to whom she

was referred declined to accept her. She died shortly after-

wards.

Previous history
As shown in Table 11.5, 19 (66%) of the women who com-

mitted suicide had a psychiatric history, of whom six had a

history of bipolar or schizo-affective disorder. Three

women who died in pregnancy were not booked, so there

was no opportunity to identify this risk. Only nine (47%)

of those at risk of a recurrence of their disorder following

delivery were identified, and in only four (21%) was there

evidence that a plan was in place to manage the risk of

postpartum recurrence.

These findings, as in previous Enquiries, show that the

identification of risk and its management remains a prob-

lem. For example:

Table 11.3. Method of maternal suicide during pregnancy and up

to 6 months after delivery 2006–08

Cause of death n %

Hanging 9 31

Jumping from a height 9 31

Cut throat/stabbing 1 3

Self immolation 3 10

Drowning 2 7

Carbon monoxide 1 3

Ingestion of bleach 1 3

Overdose 3 10

Total 29 100

Table 11.4. Main psychiatric diagnosis of the women who died

from suicide; UK: 2006–08

Diagnosis n %

Psychosis 11 38

Severe depressive illness 6 21

Adjustment/grief reaction 3 10

Drug dependency 9 31

Total 29 100
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A woman had a history of serious depressive illness, includ-

ing an earlier episode of severe postnatal depression; she

also had a family history of the same condition. Although

she was being treated for depression by her GP, this infor-

mation was not passed on to her midwife. In later preg-

nancy she became acutely depressed and required admission

to a psychiatric unit. She failed to attend for follow up after

discharge, and it seems that no attempts were made to

reach her in the community. Her community midwife was

unaware that she was not receiving psychiatric care after

delivery. She died by violent means.

Women with a significant past history face a 50% risk

of recurrence. This should be identified at booking and

appropriate management plans should be put in place

even though the women may be well at the time. They

also require close support and monitoring following

delivery. There is still an apparent lack of understanding

by general psychiatric services of the high risk of post-

partum relapse and the need for continuing care in such

women.

Previous psychiatric history and
suicide: learning points

The majority of women who suffer maternal deaths

from suicide have a past history of serious affective dis-

order. Women with previous bipolar disorder, other

affective psychoses and severe depressive illness face a

substantial risk of recurrence following delivery even if

they have been well during pregnancy.

Previous psychiatric history must be identified in early

pregnancy. Psychiatrists should proactively manage this

risk and, at the very least, frequently monitor and sup-

port these women in the early weeks following delivery.

The psychiatric services provided
Eighteen (62%) of the women had been involved with psy-

chiatric services during their last maternity as shown in

Table 11.6.

Of the eight women admitted to psychiatric units, one

was admitted to a general adult psychiatric unit during

pregnancy and one was admitted following a termination

of pregnancy. Six of the women who delivered, including

two who were eventually admitted to a mother and baby

unit, had been admitted to a general psychiatric unit and

separated from their babies. For three of the mothers

who had delivered, there was no evidence that admission

to a mother and baby unit had been considered. In one

woman with an early onset puerperal psychosis, following

the admission to an adult psychiatric unit without her

baby, the request for transfer to an out-of-area mother

and baby unit was turned down by her Primary Care

Trust.

Some of these cases demonstrate the problems with

aftercare by non-specialised community care services that

did not seem to appreciate the continued risks of relapse in

these mothers. They also provide examples of the impor-

tance of GPs communicating with midwives and the need

for direct admission to a mother and baby unit of women

with a puerperal psychosis. The involvement of a specia-

lised perinatal service might have improved their engage-

ment with psychiatric care.

Eleven women, including the two who were admitted to

mother and baby units, were cared for in the community

by general psychiatric teams rather than specialised com-

munity perinatal teams. There was evidence of delay in

obtaining admission to mother and baby units when

required, whether through local availability, appreciation of

severity or, as has been mentioned, a refusal to fund such

care. All of these cases demonstrate the importance of hav-

ing both specialised perinatal community teams as well as

prompt access to mother and baby units with whom they

have close working links.

Substandard care
For the majority of women (69%) known to be involved with

psychiatric services in their current maternity, psychiatric

Table 11.5. Maternal suicide: previous psychiatric history,

identification and management. UK: 2006–08

Past psychiatric history n %

No history, first illness 10 34

Past psychiatric history 19 66

Past psychiatric history identified 9 47

Past history appropriately managed 4 21

Total 29 100

Table 11.6. Highest level of psychiatric care of mothers who

committed suicide; UK: 2006–08

Level of care n %

Mother and baby psychiatric unit 2 7

General psychiatric inpatient 6 21

Perinatal psychiatric team 0 0

General psychiatric team 9 31

Drug and alcohol team 1 3

GP only 4 14

None 7 24

Total 29 100

Oates, Cantwell
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care was less than optimal, although in some women it may

not have affected the final outcome. Eleven women were

managed by general adult psychiatric services and had been

treated by multiple psychiatric teams and/or had an inade-

quate risk assessment. In four women, both areas of concern

were found. Another four women had a mistaken initial

diagnosis.

In most women there was also evidence to suggest that

psychiatric teams caring for the women had not appreci-

ated the severity of the women’s illness, as indicated by the

initial diagnosis and the speed, level and frequency of psy-

chiatric intervention. For example:

A woman had a past history of schizo-affective psychosis,

and all her previous episodes were clearly related to reduc-

tions in her medication. She had also had a previous post-

partum episode, during which she made a life-threatening

suicide attempt. She had been well on medication for many

years, and the history was identified in early pregnancy.

Although she remained in close contact with psychiatric ser-

vices throughout her pregnancy, the maternity services

appeared not to know how serious her past illnesses had

been. Following delivery she was seen frequently by a gen-

eral adult community mental health team. A few days

before her death, she became acutely unwell with bizarre

behaviour, delusional ideas and a preoccupation with her

previous suicide attempt. She deteriorated on a daily basis,

and two more psychiatric teams were introduced into her

care. She was then seen very frequently, but the stated aim

of her management was ‘to keep her at home’. She died

from self immolation within a few hours of the last visit by

her community nurse.

This woman had a previous history of a puerperal psy-

chosis and a very serious suicide attempt. Her risk of recur-

rence was high. Both her previous attempt and her current

preoccupation with suicide placed her at high risk,

increased by the rapid onset and deterioration of her con-

dition and a recent change in her medication. Admission

to a psychiatric unit at the onset of her illness might have

altered the outcome. This is also an example of the involve-

ment of multiple psychiatric teams and the lack of both

local specialised community perinatal mental health teams

and a mother and baby unit.

Puerperal psychosis: learning points

Puerperal psychosis (including recurrence of bipolar dis-

order and other affective psychoses) is relatively uncom-

mon in daily psychiatric practice. The distinctive clinical

features, including sudden onset and rapid deteriora-

tion, may be unfamiliar to nonspecialists.

Psychiatric services should have a lowered threshold to

intervention including admission. They should ensure

continuity and avoid care by multiple psychiatric teams.

Specialised perinatal psychiatric services, both inpatient

and community, should be available.

Safeguarding (child protection) social service
involvement
Nine of the 29 women (31%) who committed suicide had

been referred to social services during their pregnancy,

including eight of the 18 receiving psychiatric care. In five

women, the referral was made because the woman was a

psychiatric patient rather than because of specific concerns

about the welfare of the infant. It was apparent from their

notes that fear that the child would be removed was a

prominent feature of the women’s condition and probably

led them to have difficulties in engaging with psychiatric

care:

A mother who died some weeks after delivery had had

contested custody disputes over her older children. She

had a previous history of reactive depression related to

her circumstances, which had been treated by the GP.

Her psychological and social problems were identified in

early pregnancy, and she received excellent care from her

midwife throughout. Following delivery her midwife iden-

tified a depressive illness, and the GP reacted promptly

and prescribed an antidepressant. She would not take this

because she was concerned about breastfeeding, despite

the midwife reassuring her with information from the

Drug Information Service. There was excellent communi-

cation between the midwife, GP and health visitor. Some

weeks later she deteriorated, and the GP urgently referred

her to mental health services. At the same time she was

also referred to the child protection service, which was

‘routine in that area’. The general adult home treatment

team found her reluctant to engage, and she was fright-

ened that her children would be removed. Admission was

recommended but declined. Shortly afterwards, she pre-

sented to the Emergency Department having swallowed a

corrosive substance but did not reveal that she had also

taken paracetamol. She was admitted to a general psychi-

atric unit but physically deteriorated, revealing that she

had taken an overdose of paracetamol, from which she

died shortly afterwards.

This woman received excellent care from her midwife

and GP. However, it is obvious that this woman was

terrified of losing the care of her children. This fear

influenced her cooperation with the treatments which

might have prevented her death. A specialised community

perinatal team might have been more sensitive to these

issues.
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Child protection issues: learning
points

Morbid ideas of maternal incompetence and danger to

the infant are a common feature of maternal mental ill-

ness, as is a fear that their children will be removed.

Referral to safeguarding teams should not be routine

when mothers develop a mental illness but should take

place as the result of a risk assessment.

When referral to the safeguarding team is necessary

because the infant has or is likely to suffer from harm,

then extra vigilance and care are required. Referral to

social services may otherwise result in avoidance of care

and necessary treatment and may increase the risk of

deterioration in the mother’s mental health and suicide.

Internal reviews
In only five of these women was an internal review by psy-

chiatric services made available to the Enquiry. These

revealed a lack of understanding of the risk factors present

and the points of intervention that might have altered the

outcome. For example, in a woman who set fire to her-

self the review was inadequate. She had a history of affec-

tive psychosis including a postpartum near-fatal suicide

attempt, and, during her final illness, she deteriorated

rapidly and was preoccupied with her previous suicide

attempt. The internal review found no evidence that this

woman was at risk of suicide, that nothing further could

have been done to have prevented her death and that her

death had nothing to do with her pregnancy.

Substance misuse
Substance misuse has increased substantially among women

over the past 30 years, with 2–3% of children in England

and Wales having a parent with drug or alcohol problems.16

Almost two-thirds of drug-using women entering treatment

are parents, but only half have custody of their children.17

Women who are substance users and who attend treatment

programmes are likely to have better antenatal care and bet-

ter general health than those who do not.18

Findings for 2006–08
Thirty-five deaths which occurred in women who were

known to be substance misusers in pregnancy and/or the

first 6 months following delivery were considered by the

psychiatric assessors. The causes of their deaths are sum-

marised in Table 11.7. Nine of these women are counted

above in the section on suicide. In addition, ten women

died from an accidental overdose of drugs of addiction;

although they are discussed here, they are counted as Coin-

cidental or Late Coincidental deaths in Chapter 12.

A further 13 women died from medical conditions

caused by or attributed to their drug problem. They are

counted in the relevant chapters but further discussed here.

Three more women died from accidents caused by their

drug addiction. At least two-thirds of the women were

socially excluded, and a substantial number were late

bookers. Some had received no antenatal care. There are

examples of outstanding care with strenuous efforts at

engagement by health professionals. However, in a number

of women, there was evidence of poor information sharing

and lack of recognition of continued use. Heroin was the

most commonly used drug, but polysubstance misuse was

also common.

Suicide in drug-dependent women
Nine drug-dependent women committed suicide; this has

also been discussed above. Three women died during preg-

nancy, two after delivery within 42 days and four later than

this. Six of these women had co-morbid conditions: five had

adjustment or grief reactions, and one, a woman who was

abusing over the counter analgesia, had a somatoform pain

disorder (persistent medically unexplained pain). Five had

child protection case conferences, and in three cases, the sui-

cide occurred shortly after a decision to remove the child

into care. In contrast to nonsubstance users who died by

suicide, these women were younger, and five were in their

teens. All of these teenage deaths were by violent means.

Eight out of the nine had a clearly documented past his-

tory of substance misuse, but in only three women was this

identified in early pregnancy and only two women were

managed by drug services. In the remainder, women were

managed by drug liaison midwives alone or with the GP.

Accidental overdose of recreational drugs
There were ten deaths in this category. Two women died

during pregnancy, three between delivery and 42 days and

another five within 43 days and 6 months. All had estab-

lished histories of substance misuse, but in only five was

this identified in early pregnancy. In four women, the rele-

vant information was either not passed to or not sought by

the midwife, by the GP or social services, and the last

Table 11.7. Cause of death in women known to be substances

misusers; UK: 2006–08

Cause of death n %

Suicide 9 26

Accidental overdose of drugs of addiction 10 29

Medical conditions 13 37

Road traffic accidents or house fire 3 9

Total 35 100

Oates, Cantwell
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woman was unbooked. In only three women was a specia-

lised drug team involved in the maternity care.

Child protection case conferences were held in eight of

the cases: in four of these antenatal care was then avoided

after the case conference, and three women died very shortly

after a decision was made to remove the baby. For example:

A young woman died from butane inhalation later after

delivery. She had a long history of heroin addiction, and

her partner was also a heroin addict. Her substance misuse

had been implicated in the premature delivery and neonatal

death of an older child. She was involved with a specialist

midwife and the drug addiction team during the index

pregnancy and was referred to social services. She had only

had a very few antenatal visits before giving birth to a sick

baby who spent some months on a neonatal unit. The

mother received frequent visits from the specialised midwife

following delivery, but there was no evidence of increased

contact from the drug addiction services. Shortly before her

death a decision was made to remove the child into foster

care, and she then increased both her street drug and meth-

adone consumption. There was no evidence of any commu-

nication between social services and the drug addiction

team.

It is evident that this woman felt guilty and upset that

her addiction had led to the death of one child and the dis-

ability of a second. It demonstrates the need for extra sur-

veillance and support for women with substance misuse

who are involved with childcare proceedings.

Medical complications of substance misuse
In addition, there were 13 women whose deaths were

reported to the Enquiry and in which substance misuse

played a significant contribution to the cause of death—

two in pregnancy, nine between delivery and 42 days and

two later. Substance misuse was not only implicated in the

aetiology of the fatal condition but also influenced the care

the women received. These deaths are counted in the rele-

vant Chapters. There were three from bacterial endocardi-

tis, two from cardiomyopathy, one from myocardial

infarction related to recent heavy cocaine use and one from

Sudden Adult Death Syndrome counted in Chapter 9.

Three deaths from bronchopneumonia and three related to

the physical consequences of alcohol, including liver disease

and bleeding oesophageal varices are counted in Chapter

10. Ten of the 13 women were heroin abusers, two were

alcohol dependent and one was a cocaine user.

In a few instances, symptoms of the terminal illness were

misattributed to those of drug withdrawal, for example

from cardiomyopathy or cerebral haemorrhage. It was evi-

dent that this misattribution led to delayed diagnosis and

treatment, but it is uncertain whether this affected the out-

come. For example:

A mother died after delivery from a cerebral aneurysm. She

had been an intravenous heroin user for many years but

was not treated by a drug addiction team, obtaining her

heroin and methadone from friends. At booking she actively

denied problems with drug misuse, but later in the preg-

nancy her GP told the midwife of her intravenous heroin

and methadone use, at which point she was referred to

social services. Following this, she avoided antenatal care.

She presented to maternity services as an emergency in

mid-pregnancy with a history of collapse and dizziness,

which was attributed to her substance misuse and she was

sent home. A few weeks later she presented again with a

history of collapse and severe headache. It is clear from the

notes that initially this was thought to be related to her

drug abuse. The full extent of her substance misuse only

became clear after an assessment by an addiction specialist.

Within a few hours, after an epileptic fit, she was found to

have a bleeding aneurysm but died following neurosurgery.

This demonstrates the problem in assuming physical

symptoms are the result of substance misuse. With this

woman, the diagnosis was delayed for some weeks, but it is

unclear whether an earlier diagnosis would have affected

the outcome. This is also an example of the avoidance of

antenatal care following referral to social services.

In all but two (85%) of these 13 women there was evi-

dence of avoiding maternity care. Two women were un-

booked, and the remainder either booked very late or

avoided the majority of their antenatal contacts. For

seven, a child protection case conference had been held,

and four women died shortly after their child had been

removed.

Road traffic accidents and house fire
There were three further deaths in pregnancy, in two of

which the death occurred shortly after a decision was made

to initiate childcare proceedings. Two were from road traf-

fic accidents while intoxicated from either alcohol and can-

nabis or with heroin. The third death, from smoke

inhalation in a house fire, took place towards the end of

pregnancy in a woman who had a history of depression,

domestic violence and alcohol misuse.

Substance misuse: learning points

Women may conceal or minimise the nature and extent

of their substance use, often fearing a censorious

approach or child protection involvement. Early infor-

mation sharing between the GP, maternity and addic-

tion services is essential. Management should include

drug monitoring measures, such as regular urine screen-

ing, particularly where substitute prescribing is used.

Chapter 11: Deaths from psychiatric causes
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All women who are substance users should have inte-

grated specialist care. Women should not be managed

solely by their GP or midwife. Integrated care should

include addictions professionals, child safeguarding, and

specialist midwifery and obstetrics.

Other deaths from medical conditions associated
with psychiatric disorder
In addition to the 13 women who died from medical condi-

tions associated with their substance abuse, a further 12

women died who had an underlying psychiatric disorder that

may have contributed to their terminal condition or influ-

enced the care received. Two of these occurred during preg-

nancy, seven after delivery and there were three Late cases.

The deaths of three women from venous thromboembo-

lism are counted and discussed in Chapter 2. One mother

had a needle phobia which led to her refusing blood tests

and thrombo-prophylaxis and another, who had an emo-

tionally unstable personality disorder, was unable to self-

administer thrombo-prophylaxis and avoided postnatal care

after her child was removed by social services. A woman

with a diagnosis of schizophrenia died while receiving inpa-

tient psychiatric care: her antipsychotic medication was

associated with weight gain and she was a heavy smoker.

In a fourth case, the developing symptoms of physical dis-

ease were misattributed to psychiatric causes. In some

cases, these women also failed to attend for regular antena-

tal care.

Four deaths were from neurological causes and are

counted in Chapter 10. The first was from sudden unex-

plained death in epilepsy in a woman who had an emo-

tionally unstable personality disorder and poor compliance

with care and anti-epileptic medication. The second died in

late pregnancy following an epileptic fit. She had paranoid

schizophrenia. Both her epilepsy and schizophrenia had

deteriorated during pregnancy. Her epilepsy was managed

by her psychiatrist. The third death involved a subarach-

noid haemorrhage in a distressed asylum seeker with post-

traumatic stress disorder whose developing symptoms were

misattributed to psychiatric causes. In the fourth, a woman

died from encephalopathy whose symptoms were misattrib-

uted to psychiatric causes over a prolonged period of time.

Also counted in the Other Indirect deaths chapter is a

death in pregnancy of a woman who died from miliary

tuberculosis but whose anorexia and weight loss was misat-

tributed to psychiatric causes. A further death from pneu-

monia secondary to autoimmune disorder occurred. For

many weeks this woman’s symptoms were misattributed to

depression.

There were two Direct deaths. The first, counted in

Chapter 3, was in a woman with mild learning disability

and epilepsy whose early symptoms were misattributed to

anxiety and agitation, and another woman died from post-

partum haemorrhage and is counted in Chapter 4. This

death, which received media coverage, was associated with

neonaticide in a woman without any previous psychiatric

history:

An older, religious, single professional woman with no

apparent social problems or previous psychiatric history died

from exsanguination as the result of postpartum haemor-

rhage. She had concealed her pregnancy and delivered

unassisted at home. She died of haemorrhage and a dead

infant was found at home.

This woman demonstrates the classical features of neona-

ticide: previously good character, no psychiatric history, no

social services involvement and a stable occupation. She

had a concealed pregnancy and unassisted delivery, and

there was a lack of awareness of close family members,

work colleagues and health professionals that she was preg-

nant. In these cases, the infant is either abandoned or dies

shortly after delivery. The lack of a psychiatric diagnosis is

also typical, but it is likely that at the time she was suffer-

ing from an acute dissociative state. If she had survived,

she would have been charged with infanticide (neonati-

cide). This is the only record of infanticide in this Enquiry.

Misattribution of cause
In six of these 12 examples of physical disease there was a

delay in diagnosis and appropriate treatment being given,

sometimes over prolonged periods of time. This was

because of misattribution of the signs and symptoms of a

medical condition to a psychiatric disorder. In two women,

an acute confusional state, a symptom of the underlying

medical condition, was misattributed to a functional psy-

chiatric disorder leading to repeated requests for psychiatric

assessment and a delay in diagnosis and appropriate treat-

ment. In four others there was no significant psychiatric

disorder, but initial difficulties in making a substantive

physical diagnosis had led to an assumption that the symp-

toms must be of psychological origin. Difficulties in eating

were described as ‘food avoidance’ and ‘refusing to eat’ and

were thought to be an eating disorder. Difficulties in hold-

ing a conversation were described as ‘refusing to speak’

and thought to be depression. Distress and agitation were

described as ‘behavioural’. As an example of this:

A woman died of an autoimmune disorder that had been

diagnosed before pregnancy. Her medical diagnosis initially

presented with lethargy and malaise. Despite this, and her

lack of a psychiatric history, her complaints of feeling

increasingly unwell were attributed by the GP to depression

in mid-pregnancy, and she was referred to a psychiatrist.

She deteriorated and, when admitted to a maternity
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hospital, was described as ‘known to be suffering from

depression’. She was quiet and withdrawn, not eating or

drinking. This was described as ‘depression’ and ‘odd

behaviour’. She was seen by a psychiatric nurse who noted

her to be profoundly physically unwell with no evidence of

depression. Nonetheless, the view of her suffering from a

psychiatric condition continued. Following delivery there

was evidence from the notes that she developed an acute

confusional state. Again this was attributed to depression.

Shortly afterwards she collapsed and died.

From the symptoms described by the psychiatric nurse

and in her obstetric records, it seems unlikely that she was

suffering from a depressive illness. Her symptoms were the

result of her deteriorating physical state and perhaps to

cerebral involvement of her autoimmune disease. The mi-

sattribution of her symptoms and the preoccupation with

her psychiatric diagnosis over a number of weeks led to a

delay in diagnosis and effective treatment.

These deaths involving misattribution of physical symp-

toms to psychological causes are, sadly, in keeping with the

findings of previous Reports.

Misattribution of physical symptoms
to psychiatric illness: learning points

The misattribution of physical symptoms and of distress

and agitation to psychiatric disorder has led to a failure

to investigate and delays in diagnosis and treatment of

serious underlying medical conditions in a number of

deaths.

Caution needs to be exercised when diagnosing psychi-

atric disorder if the only symptoms are either unex-

plained physical symptoms or distress and agitation.

This is particularly so when the woman has no prior

psychiatric history or when she does not speak English

or comes from an ethnic minority.

Conclusion

There has been no significant reduction in maternal suicide

within 6 months of delivery since 1997. As in previous En-

quiries, over half of the women who died from suicide

were older, married women in comfortable circumstances

with a previous psychiatric history who were well during

pregnancy. Despite the fact that they faced a substantial

risk of a recurrence of their condition following delivery,

they did not receive preconception counselling, their risk

was not identified at booking nor was it actively managed.

Again in line with the findings of the previous Enquiries,

women in contact with psychiatric services were being

managed by general services who appeared not to be

familiar with the importance of previous history, nor with

the distinctive clinical features of serious postpartum

mental illness. Also sadly, in line with the findings of

previous Enquiries, the majority of maternal suicides died

violently.

The characteristics of women who are substance misus-

ers who died either from suicide or other causes con-

trasted with the other psychiatric maternal deaths. They

were, in the main, young, single, unemployed and socially

deprived.

A new finding of this Enquiry, reflecting the recent

changes in the delivery of psychiatric services, was the

involvement of multiple psychiatric teams in the short per-

iod between the onset of the woman’s condition and her

suicide. The lack of continuity of care, further complicated

by the criteria and protocols involved in each different

team’s acceptance of a patient, seems in some cases to have

contributed to the outcome. This, together with other find-

ings, lends further support for the establishment of specia-

lised perinatal services, both inpatient and community, for

the care of women whose pregnancy or postpartum period

is complicated by serious mental illness.

If the findings of this and the last three Enquiries were

to be implemented, not only would some mothers’ lives be

saved, but the care of those who live would be improved.
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Deaths apparently unrelated to pregnancy: specific recommendations

• This Enquiry continues to recommend that routine enquiry, ‘Asking the question’, should be made about domestic

abuse, either when taking a social history at booking or at another opportune point during a woman’s antenatal

period. Midwives should give high priority to ‘Asking the question’ and to giving information to all women about

domestic abuse. The antenatal booking appointment may be the appropriate time to ‘ask the question’ or the mid-

wife may decide to delay until the following appointment when a relationship has already been established.

• All women should be seen alone at least once during the antenatal period to facilitate disclosure of domestic abuse.

Any member of the maternity team who notices that a woman has an injury, for example a black eye, should ask

sympathetically, but directly, about how this occurred and be prepared to follow up this enquiry with information,

advice and support as needed.

• All women should be advised to wear a three-point seat belt throughout pregnancy, with the lap strap placed as low

as possible beneath the ‘bump’ lying across the thighs and the diagonal shoulder strap above the ‘bump’ lying between

the breasts. The seat belt should be adjusted to fit as snugly and comfortably as possible, and if necessary the seat

should be adjusted.

Introduction

This chapter considers those deaths reported to the Enquiry

that occurred in pregnant or recently delivered mothers

from causes apparently unrelated to their pregnancy. Such

deaths, which occur during pregnancy or up to 42 com-

pleted days (6 weeks) after the end of pregnancy are inter-

nationally defined as fortuitous, although this Report uses

the term Coincidental. Deaths occurring between 43 and

364 completed days after the end of the pregnancy are clas-

sified as Late maternal deaths and are not included in the

calculations of mortality rates or ratios (For full definitions

see the Introduction to this Report). Late deaths can be

subdivided into those from Late Direct, Late Indirect and

Late Coincidental causes. These definitions are discussed

further in the Introductory section to this Report.

As heralded in the last Report, this Enquiry for 2006–08

has focused its efforts on assessing Direct and Indirect

deaths occurring within 42 days of delivery, and not all

Coincidental deaths will have been identified and assessed.

Certainly, most Late Coincidental deaths are not included

because they were excluded from assessment this trien-

nium. However, all nine Late Direct deaths from preg-

nancy-related causes were identified and assessed, as were

24 Late Indirect deaths, largely from suicide and cardiomy-

opathy, which occurred up to 6 months after delivery.

These deaths are important to include in this Report

because they can be the result of often identifiable and

treatable conditions aggravated or induced by pregnancy.

Indeed, in the next update on international definitions for

maternal mortality, it is possible that these two causes of

death will be classified as being the result of Direct causes.

Although Coincidental or Late deaths, in international

terms, are not considered as true maternal deaths and do

not contribute to the calculations for any international
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maternal mortality rates or ratios, they may contain impor-

tant messages for the providers of maternity care. Clini-

cally, the lessons may include basic principles for the

management of pregnant or recently delivered women with

underlying medical or psychiatric conditions. From a pub-

lic-health perspective, the continuing assessment of such

deaths re-enforces the need for information on the correct

use of seat belts in pregnancy, and, perhaps most impor-

tantly, the identification and management of pregnant

women who suffer from physical, verbal or emotional

abuse. Issues related to domestic abuse, recommendations

and suggested guidelines have been fully described in spe-

cific chapters in the previous two Reports of this Enquiry.

The main findings for this triennium, which remain largely

unchanged, are discussed at the end of this Chapter (in

Annex 12.1), and readers are referred to previous Reports

and other references for more detailed information.

Summary of key findings for 2006–08

Coincidental deaths
In this triennium, the deaths of 50 women who died of

Coincidental causes either during their pregnancy or within

42 days of delivery were reported to this Enquiry, com-

pared with 55 for the previous triennium. As in previous

Reports, and as shown in Table 12.1, the largest overall cat-

egory were deaths due to ‘unnatural’ causes, largely road

traffic accidents, murder or unintentional overdoses of

street drugs. Some women who died from other medical

causes such as pneumonia are included in this section, as

their pregnancies (invariably at an extremely early gesta-

tion) were only discovered during the autopsy. The deaths

of nine women who died from Coincidental malignancies

are discussed in Chapter 10 and those associated with sub-

stance abuse are discussed in Chapter 11. By chance, and

not representative of the number of women who died from

Late Coincidental causes, the Enquiry was notified of nine

such deaths this triennium; seven were the result of over-

doses of street drugs and two were from medical condi-

tions. These are not used in statistical calculations.

As with previous Reports, and other causes of death, many

of the women whose deaths are counted here were vulnerable

and socially excluded. The general lessons to be drawn from

this group of mothers have been discussed in Chapter 1.

Road traffic accidents
The Enquiry received reports on the deaths of 17 women

who died as the result of road traffic accidents during preg-

nancy or within 6 weeks of delivery during this triennium.

In two deaths, the women were under the influence of

drugs or alcohol, in one of which the mother had recently

had her baby taken into care. In the opinion of the asses-

sors, there is the possibility that this accident may have

been intentional. In another example where suicide might

also have been a possibility, a mother in mid-pregnancy

was suffering from depression and had required hospitalisa-

tion following assaults from her violent partner, who had

recently given her a sexually transmitted disease. She had

also had a number of previous terminations, all signs of

having a violent, controlling partner.

Two pregnant women were pedestrians hit by motor

vehicles. One, who was hit on a motorway, had a chaotic

lifestyle, was addicted to street drugs and had all her previ-

ous children taken into care. She was approaching another

child protection conference when she died. Here, too, the

question remains about why she was walking on a motor-

way in the first place.

All but two of the women were still pregnant when they

died, and in only one woman was there clear evidence that

she was not wearing a seat belt. In four women, a peri-

mortem caesarean section was performed in the Emergency

Department. The gestations ranged from 24 to 41 weeks;

none of the babies survived.

The advice for the use of seat belts in pregnancy is given

in the overall recommendations at the start of this chapter.

Late deaths
As previously discussed, apart from all nine Late Direct and

24 Late Indirect deaths assessed as having been related to

pregnancy, notably because of puerperal psychosis and car-

diomyopathy, from which important lessons for maternity

care can still be drawn, other deaths in women in their first

postnatal year have not generally been assessed this trien-

nium. There were, however, nine examples of such Late

Coincidental deaths for which assessments were made, lar-

gely to exclude them being assessed as the result of Late

Indirect causes. Therefore, apart from Direct and certain

Indirect Late deaths, due to the more limited assessment of

most other later deaths this triennium, these numbers and

Table 12.1. Coincidental maternal deaths reported to the Enquiry;

UK: 2006–08

Cause of death Coincidental during

pregnancy and up

to and including

42 days after delivery

Unnatural deaths

Road traffic accident 17

Murder 11

Overdose of street

drugs/drug-related

6

House fire/burns 1

Cancer (see Chapter 10) 9

Medical conditions 6

All Coincidental deaths 50

Lewis
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rates cannot be compared to figures given in previous

Reports. The Late Direct and Indirect deaths known to the

Enquiry are shown in Table 12.2.

Late Direct deaths
In this Report, nine mothers died later than 42 days after

delivery from Direct causes or from complications arising

from the initial direct obstetric event. According to interna-

tional convention and International Classification of Dis-

eases 10th edition coding, these deaths are not counted as

Direct deaths in maternal mortality statistics, but, because

they contain important lessons for clinical care, the Enquiry

assessors review such cases, and the lessons to be learnt

from them are discussed in the appropriate clinical chapter.

Table 12.2. Deaths from all Late Direct and selected Late Indirect

causes which were reported to the Enquiry: UK; 2006–08

Cause of death and chapter

in which it is discussed

Late

Direct*

Late

Indirect*

Thromboembolism (Chapter 2) 4

Haemorrhage (Chapter 4) 2

Sepsis (Chapter 7) 2

Choriocarcinoma (Chapter 10) 1

Suicide (Chapter 11) 16

Cardiac (Chapter 9) 7

Indirect medical conditions

(Chapter 10)

1

Total 9 24

*Between 43 and 364 inclusive days after delivery.
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Annex 12.1. Domestic abuse

Domestic abuse: new and existing learning points from 2006 to 2008

This Enquiry continues to recommend that routine enquiry, ‘Asking the question’, should be made about domestic

abuse, either when taking a social history at booking or at another opportune point during a woman’s antenatal

period. Midwives should give high priority to ‘Asking the question’ and to giving information to all women about

domestic abuse. The antenatal booking appointment may be the appropriate time to ‘ask the question’ or the mid-

wife may decide to delay until the following appointment when a relationship has already been established.

All women should be seen alone at least once during the antenatal period to facilitate disclosure of domestic abuse.

Any member of the maternity team who notices that a woman has an injury, for example a black eye, should ask

sympathetically, but directly, about how this occurred and be prepared to follow up this enquiry with information,

advice and support as needed.

The recent report Responding to Violence against Women and Children recommended, as does this Report, that health

service providers and purchasers should have clear policies on the use of interpretation services that ensure that

women and children are able to disclose violence and abuse confidently and confidentially.1

When routine questioning is introduced, this must be accompanied by:

• The establishment of an appropriate method of recording the response on the woman’s records, in such a way that

protects her from further harm from the perpetrator, if abuse is disclosed.

• The development of local strategies for referral to a local multidisciplinary support network to which the woman can

be referred if necessary.

Information about local sources of help and emergency help lines, such as those provided by Women’s Aid, should be

displayed in suitable places in antenatal clinics, for example in the women’s toilets, or printed as a routine at the bottom

of hand-held maternity notes or cooperation cards.

Women who are known to suffer domestic abuse should not be regarded as ‘low risk’. They should be offered care that

involves other agencies and disciplines as needed for the individual’s situation, within a supportive environment. If they

choose midwifery-led care, the midwife should receive support and advice from an experienced colleague, for example the

Named Midwife for Safeguarding or a Supervisor of Midwives.

It must be remembered that health professionals, too, are victims of abuse and that domestic abuse occurs across all

social classes and within all ethnic groups.

Background

Domestic abuse has been the subject of separate chapters in

two previous Reports,2,3 and readers are referred to them for

a more detailed background information as well as the other,

more recent, documents that are referenced in this Chapter.

Domestic abuse has been defined as:

Any incident of threatening behaviour or abuse (psychologi-

cal, physical, sexual, financial or emotional) between adults

who are or have been intimate partners or family members,

regardless of gender or sexuality.4

The term ‘domestic abuse’ is used in preference to

‘domestic violence’ because the latter could be interpreted

as relating to physical abuse alone. It also covers issues that

mainly concern women from minority ethnic backgrounds,

such as forced marriage, female genital mutilation/cutting

and so-called ‘honour crimes’.

Previous Reports have highlighted the issue of domestic

abuse, and even murder, in pregnancy or after delivery. As

a result, a number of local and national initiatives were

introduced, including sensitive routine questioning about

existing abuse during the antenatal period. One publica-

tion, Responding to Domestic Abuse, a Handbook for Health

Professionals,4 arose directly from these recommendations.

The mothers affected by abuse: 2006–08
During the 3 years 2006–08, 34 of the women who died

from any cause had features of domestic abuse. It is impor-

tant to remember that although the perpetrator is most

often the woman’s partner, it may also be other family

members. This was the case for the majority of the 11

women who were murdered, the abuse was fatal. Many of
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the other women who died from a range of other causes

had proactively self-reported domestic abuse to a healthcare

professional either before or during their pregnancy. Over-

all, 38% of these mothers were poor attenders or late book-

ers for antenatal care as shown in Table 12.3. This is an

improvement of the 56% reported in the last Report.

Mothers who themselves were subject to sexual
abuse in childhood
In a recent report from the Violence against Women and

Children Task Force, 21% of girls under 16 experience sex-

ual abuse during childhood.1 It is estimated that across the

UK there are upwards of five million adult women who

experienced some form of sexual abuse during childhood.1

While assessing all of the deaths available to this Report, 17

mothers were identified who had declared that they had

been sexually abused by a relative, usually their father, in

childhood. Most of these women had chaotic or vulnerable

lifestyles and two, maybe three, were prostitutes. Seven of

these died of Direct and Indirect causes, and the others gen-

erally died from later suicides or overdoses of drugs of

addiction.

The mothers who were murdered
The 11 deaths of murdered women known to this Enquiry

must be regarded as a minimum, because in this triennium

the case ascertainment was mainly focused on identifying

Direct and Indirect deaths. However, the general lessons to

be learnt from the cases that were available for assessment

underline the need for vigilance, especially when there may

be a high index of suspicion.

All but three of the women were killed while still preg-

nant. One, a prostitute, died at the hands of a serial killer,

and another was killed by a neighbour following a domestic

dispute. A third, a recently arrived young school-age bride

who spoke no English, was stabbed by her husband’s girl-

friend. Seven other women were killed by their partners,

one of whom then took his own life in prison. In another

case, the circumstances surrounding the death of a mother

who was alleged to have died in a house fire were highly

suspicious and suggestive of murder by the known, violent

husband. Of these women, five died early in pregnancy and

had not yet been ‘booked’ by the midwife so did not have

an opportunity to disclose domestic abuse. One of these

women was in a known violent relationship. Two of these

women had already been referred for maternity care by

their GPs, neither of whom mentioned their known poor

social circumstances and past histories of abuse in the

referral letter. None of the women who were booked for

care disclosed abuse, and one was not asked. Five of the

seven women killed by their partners were from minority

ethnic groups, of which two had recently arrived in the UK

and their husbands or family members acted as their trans-

lators. For example:

A newly arrived young bride who spoke no English and

whose own relatives lived on another continent had no fam-

ily support at all. She booked late, but her midwives were

aware that her husband was extremely violent because she

was already known to social services. She repeatedly

attended the Emergency Department with abdominal pains

and vague symptoms, but these were not taken seriously. A

few weeks after she delivered by caesarean section, she was

found at home with extremely severe burns and died shortly

afterwards. Her husband’s relatives, who seem to have col-

luded with him throughout, stated that this was the result

of an accident in the kitchen, a fact that those reporting her

case to this Enquiry seem to have accepted at face value.

In the opinion of the assessors, this woman was either

murdered by her husband or committed suicide because

Table 12.3. Characteristics of the antenatal care received by women who were murdered or known to be suffering domestic abuse; UK: 2006–

08

Type of

death
Died in

early

pregnancy

Late or non-attenders for antenatal care

Total number

of deaths

of women

Booked after 22 weeks

or missed more

than three visits

No antenatal care Subtotal

n n n n % n %

Direct 0 1 0 1 50 2 6

Indirect 2 2 1 5 33 15 44

All 2 3 1 6 35 17 50

Coincidental 1 4 0 5 63 8 24

Late deaths 0 2 1 3 33 9 26

Total 3 9 2 14 41 34 100
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she could no longer live in an intolerable situation. The

lack of understanding of this possibility by the healthcare

staff who completed the report form shows that few, if any,

lessons appear to have been learnt from this tragic case.

In another case where the woman did not speak English:

An asylum seeker who also spoke no English and whose

husband was her interpreter was stabbed by him while

pregnant. She had repeatedly failed to attend for care and

had had only one antenatal visit. Her nonattendances were

not followed up. She had, however, attended the local

Emergency Department complaining of constant vaginal

irritation and discharge. These are classic signs of abuse.

A lack of suitable interpreters is one of the key findings

of this Report. All health services should have clear policies

on the use of interpretation services that ensure women

and children are able to disclose violence and abuse confi-

dently and confidentially. As a woman said in the Task

Force Report1 ‘Even if the perpetrator isn’t with you, he

sends one of his family members with you. And in the

name of honour you can’t even talk about it. Especially if

they say, ‘‘I’m going to interpret because she can’t speak

English’’.’

Abused women who died from other causes
Thirty-four women were known or declared themselves to

be subject to domestic abuse, three of whom were living in

refuges for abused women. Many exhibited one or more of

the classic signs of abuse, but all too often these appear to

have been missed or glossed over with little support pro-

vided. For example:

Among the cases of abuse was a woman who had been

brought to this country as a foreign bride and had nowhere

to turn, despite disclosing her problems to the midwives car-

ing for her and having the courage to report the assaults to

the police, who subsequently arrested her husband; he was

convicted and imprisoned. She eventually made it through

her own efforts to a refuge, where she died of an underlying

medical condition.

As shown in earlier Reports2,3 and repeated here, the fea-

tures of domestic abuse are shown in Box 12.2.
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Box 12.2. Indicators of domestic abuse, relevant to maternity care

• Late booking and/or poor attendance or nonattendance at ante-

natal clinics

• repeat attendance at antenatal clinics, the GP surgery or Emer-

gency Departments for minor injuries or trivial or nonexistent

complaints

• unexplained admissions

• noncompliance with treatment regimens/early self discharge from

hospital

• repeat presentation with depression, anxiety, self-harm and psy-

chosomatic symptoms

• injuries that are untended and of several different ages, especially

to the neck, head, breasts, abdomen and genitals

• minimalisation of signs of abuse on the body

• sexually transmitted diseases and frequent vaginal or urinary tract

infections and pelvic pain

• poor obstetric history:

s repeated miscarriage or terminations of pregnancy

s stillbirth, or preterm labour

s preterm birth, intrauterine growth restriction/low birthweight

s unwanted or unplanned pregnancy

• the constant presence of the partner at examinations, who may

be domineering, answer all the questions for her and be unwill-

ing to leave the room

• the woman appears evasive or reluctant to speak or disagree in

front of her partner.
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Midwifery practice: specific recommendations

• Carry out, record and act upon basic observations for both women at low and higher risk of complications.

• Recognise and act on symptoms suggestive of serious illness, including sepsis, as outlined in the Back to basics section

of this Report.

• Provide pregnant women and new mothers with information about the prevention and signs and symptoms of possi-

ble genital tract sepsis and the need to seek advice early if concerned, as well as the importance of good personal

hygiene.

• Assess the mother’s risk adequately throughout the continuum of pregnancy and the postnatal period, re-assessing as

needed if circumstances change.

• Refer and escalate concerns to a medical colleague of appropriate seniority.

• Make early referral to psychiatric services of women with serious mental health problems in line with the advice in

Back to basics.

• Ensure the availability and use of professional interpreting services for women who need them.

• Provide continuity of care for vulnerable women to promote engagement with the service.

Some key research questions also emerged during the assessment of the women who died this triennium. These are

listed in the Recommendations section of this Report but include research on assessing, what effect, if any, is the

reduced number of routine postnatal visits and clinical observations having on maternal health.

Introduction

This chapter identifies and highlights the key practice issues

for midwives raised by review of the circumstances and care

of the 261 women who died either of Direct or Indirect

causes of maternal death. There were many instances of

exemplary care but also others where lessons can be learned.

It is the aim of this Chapter to highlight both.

Midwives should read this Chapter in the context of the

Report as a whole and with particular reference to the new

section Back to basics. The nature of the midwife’s role, as

described below, means that midwifery care cannot be sep-

arated from the care provided by other members of the

maternity team. Many of the key issues raised in this

Report relate to effective team-working or multidisciplinary

care, as well as issues of clinical importance, so there is

much to be learnt from these other Chapters.

The role of the midwife
Every pregnant woman has care provided by a midwife.

This places the midwife firmly by her side, as her compan-

ion throughout the childbearing continuum and the pro-

vider of care, advice, support and information appropriate

to her circumstances. The midwife is also her advocate in

ensuring that she receives the care best suited to meeting

her health and social needs. It was evident from some of the

situations reviewed for this Report that midwives need to

develop clear boundaries between advocacy and collusion.

There were instances where midwives should have taken a

Chapter 13: Midwifery

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 149



supportive but challenging approach to ensure that women

received appropriate care that was in the best interests of

themselves and their babies. As examples:

A woman with a raised Body Mass Index (BMI) declined

to be weighed and, although she was booked for consultant-

led care, did not attend the appointments to see her obste-

trician. There was no evidence that her midwife had

explained the risks of her raised BMI or provided further

advice, information or support. She did not have thrombo-

prophylactic measures prescribed following a complicated

delivery requiring a caesarean section, and basic postnatal

observations were missed.

Although the deficiencies in her midwifery care cannot

be directly linked to her death from pulmonary embolism,

there is nevertheless no evidence that midwives addressed

the issue appropriately at the beginning of pregnancy, in

such a way that could have enabled a management plan to

be put into place.

A high-risk woman with learning disabilities and very high

levels of anxiety developed symptoms of pre-eclampsia, in

spite of which she continued to be inappropriately managed

in the community. Following the birth, she left hospital

against medical advice and, during the postnatal period,

became increasingly unwell. She died from disseminating

intravascular coagulation some days after birth.

Although her midwifery care was kind and supportive,

the midwives’ acceptance of her anxiety appeared to influ-

ence their decision to offer midwife-led care, which for this

woman was not appropriate. An alternative approach to

her care would have been to work with her to help her

overcome her anxieties, involving support from psychology

and/or learning disability services. This could have enabled

the woman to access the care she needed.

As illustrated by the vignettes above, the role of the mid-

wife is to become the woman’s ‘care navigator’1 working

within the context of the maternity team and other agen-

cies, providing both the continuity and the communication

links that will protect and ensure the mother’s health and

wellbeing. Similar lessons can be learned from some of the

25 Indirect deaths where the women were booked for mid-

wife-led care. Some of these women who died had co-mor-

bidities that were either missed by the midwife or deemed

to be unimportant.

The public-health role of the midwife
Midwives have the opportunity to make a substantial con-

tribution to the public-health agenda and to maximising

health gain and reducing general health inequalities. The

opening Chapter of this Report highlights yet again that

the most vulnerable mothers in society are at far higher

risk of maternal death, and it is imperative that they can

readily access maternity care which should, where possible,

be a positive experience. Women disadvantaged by social

deprivation, unemployment and minority ethnic status, for

example, are doubly disadvantaged by the fact that they

tend to book later for antenatal care. For some of the

women who died, earlier access to care could have made a

difference. The National Institute for Health and Clinical

Excellence (NICE) have recently issued a guideline on the

organisation of services for women with complex social

issues that may affect their pregnancy2 as a result of

recommendations made in several earlier Reports of this

Enquiry.

Chapter 1 highlights the key issue of obesity, a major

risk factor for maternal deaths and disability; helping and

supporting obese pregnant women requires urgent and co-

ordinated action. A systematic and pro-active approach to

addressing the problems associated with raised BMI is a

key priority for maternity services, and midwives are cen-

tral to implementing these approaches.

Learning from the mothers who died:
issues for midwifery practice

Learning from substandard care
One of the main aims of this Enquiry is to learn lessons

from the management of the women who died to

improve care in future. The first step in doing this is to

identify any avoidable and substandard factors in the care

they received. This is done by both regional and central

Centre for Maternal and Child Enquiries midwifery asses-

sors. The detailed process is discussed in Appendix 1 of

this Report. At each stage, the case notes are reviewed by

midwives who specifically focus on the appropriateness of

the midwifery care throughout the continuum of care.

The factors identified by the assessors clearly demonstrate

that, in a small number of women, midwifery care was

not provided within the midwife’s contractual or statutory

requirements and has fallen outside the sphere of safe

practice. It is also worth noting that some of the internal

reviews considered for this Report demonstrated a failure

by midwives to recognise that care had been substandard.

During this triennium, a total of 261 women died from

Direct or Indirect causes. In 31 of the 107 Direct deaths

(29%), the midwifery assessors considered midwifery care

to be substandard, as well as in 27 of the 154 (16%) Indi-

rect deaths. This gives a rate of 22% overall for the 261

women who died of Direct and Indirect causes and whose

deaths comprise the numerator for the reported maternal

mortality rate. In a further seven women who were

excluded from the statistics because their deaths were

either unrelated to pregnancy or happened late in the

postnatal year, care was also less than optimal. Issues
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relating to substandard care can be broadly grouped into

poor midwifery care, failure to ensure appropriate senior

presence and input to care and failure to recognise, and

act on, high risk. In a majority of women, more than one

of these factors was present.

Poor general midwifery care
The poor care identified by the midwifery assessors was the

result of a number and combination of factors including:

• poor communication

• inadequate documentation

• failure to perform observations

• failure to follow up observations or to follow up the

woman reporting feeling unwell

• failure to visit or re-visit during the postnatal period.

Some high-risk women were not being correctly identi-

fied and managed in their antenatal period: there were

examples of delays in performing and acting on findings

such as proteinuria. In a case in the postnatal period, a

community midwife noted that a woman was experiencing

rigors; however, she failed to record the woman’s tempera-

ture and respiratory rate and to palpate the uterus,

although she did arrange a GP appointment.

Failure to ensure appropriate senior presence and
input to care
In 20 women there was a failure to ensure an appropriate

senior presence or referral. This was either a failure to refer

to specialist or obstetric care during the pregnancy or a fail-

ure to escalate concerns to a senior person, either medical

or senior midwifery staff, when ominous signs of illness

were evident. In addition to these, there were 11 women for

whom there was a failure by midwives to recognise and act

on obvious risk. For example, a delay in getting an urgent

appointment with a neurologist should not have just been

noted, it should also have been followed up. Similarly,

where a woman failed to attend for such specialist care, fur-

ther advice should have been sought.

Failure to recognise, and act on, high risk
There were several examples of midwives failing to act

appropriately on warning signs/risk factors:

A woman in the postnatal period saw a midwife for a

postnatal examination and reported having felt unwell for

a week with symptoms of breathlessness and pain on

breathing; she also had swelling in one leg and calf and

thigh pain. She was advised by the midwife to attend hos-

pital or a walk-in centre. Some hours later she arrived at

the Emergency Department where she collapsed, was intu-

bated, ventilated and transferred to the Intensive-Care

Unit. A diagnosis of pulmonary embolism/deep vein

thrombosis was made. She went on to have several cardiac

arrests later that day. She continued to deteriorate and

died some days later.

The midwife who saw this woman failed to recognise the

potential severity of her symptoms: she should have taken

urgent action to expedite her transfer to hospital via ambu-

lance. The fact that there was a delay of several hours

before she went to hospital could have made a difference

to the outcome.

Holistic care
The Encarta English Dictionary3 defines ‘holistic’ as ‘taking

into account all of somebody’s physical, mental, and social

conditions in the treatment of illness’.

Within the Enquiry, there were instances where midwives

did not provide such care; for example, situations in which

physical illness was attributed to a past history of mental

health problems:

A woman with a history of chronic physical illness and

panic attacks died as the result of a severe and undiagnosed

infection. Her symptoms and behaviour were attributed to

her past history of mental health issues, and, by the time

investigations were made and treatment was commenced, it

was too late.

The key message is that midwives must listen to women

and use their knowledge and clinical skills to identify and

meet all needs. This woman had repeatedly told the mid-

wives both in hospital and at home that she felt very ill

and was in considerable pain, but her concerns about phys-

ical symptoms were not heard or acted on. When a woman

voices concern about abnormal symptoms, basic observa-

tions must be taken, documented and, if abnormal, acted

on by appropriate referral.

There was also evidence of the converse. The care for a

woman whose death was associated with epilepsy placed

great emphasis on meeting her social and psychological,

but not clinical, needs. This meant that the midwife

neglected to ensure that she had appropriate care in place

to address the risk factors associated with her epilepsy.

Good midwifery practice: over-arching
themes

The over-arching themes for midwifery practice, based on

the stories of the women who died over the past 3 years,

are as follows:

• Provision of ‘basic’ midwifery care: the fundamentals

of practice

• Team work: referral pathways, communication, and

clear care planning

• Recognition of risk factors and serious illness and act-

ing on these
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• Culture and systems within organisations, and new

patterns of care

• Public health issues

These five over-arching themes are explored within the

framework of the different ‘phases’ of the childbearing con-

tinuum: antenatal, intrapartum and postnatal care. In its

guidance for midwives, the Nursing and Midwifery Coun-

cil4 highlights that:

Childbirth is more than the act of giving birth. For a

woman it is a continuous process from conception,

through pregnancy, labour, birth and beyond. It is essen-

tial that anyone providing midwifery care during this

time has the appropriate skills, knowledge and compe-

tence to do so.4

Antenatal care

Antenatal booking
The importance of the antenatal booking interview cannot

be overemphasised. It is at this point that midwives play a

key role in ensuring an appropriate pattern of care is

agreed with the woman and communicated clearly to her,

making referral to other services and agencies for care and

support. Poor risk assessment and inappropriate referral

pathways for care can and do increase poor outcomes, both

mortality and morbidity. Key issues identified are:

• When women present for care, they must be seen

promptly. There were multiple examples of long delays

between women seeing their GP at 6 weeks and then

having no contact with a midwife until 12 weeks or

later.

• Balancing the woman’s physical, social, psychological,

emotional and spiritual needs enables the midwife to

take into account the woman’s life circumstances,

which may impact on her pregnancy. For example,

there were instances of women experiencing significant

bereavement (loss of partners by suicide) and loss

(removal of previous children into the care of the

Local Authority), which should have been acknowl-

edged and appropriate support offered.

• As highlighted in Chapter 11, women must be asked

about previous history of psychiatric disorder as well

as their current mental health. Women with a history

of a serious mental illness should be referred for psy-

chiatric assessment and for a management plan to be

developed for the management of any acute postnatal

episode even if they are currently well.

• The question of domestic abuse should be raised at

booking or soon afterwards if the midwife is unable to

speak to the woman alone at booking. This issue is

discussed in Chapter 12.

• The definition of risk at booking and the ongoing

review of risk status are key in ensuring safe and

appropriate care. This includes the need to calculate

an accurate BMI at booking, which is of crucial

importance: midwives must not rely on mothers self-

reporting their weight or guessing their height.

• The current organisation of maternity care means that

in many areas women do not see their GP for antena-

tal care. Good communication systems between mid-

wife and GP are essential to ensure that information is

appropriately shared. Women should be advised to

take their hand-held records to GP appointments,

regardless of the reason for the consultation.

Lack of interpreters
Failure in the provision of professional interpreting services

emerges as a significant theme, which recurs throughout all

of the chapters of this Report. It should be highlighted here

that there were too many examples of inappropriate use of

family members to interpret. Consequently, in these cases,

the midwife was unable to obtain a comprehensive booking

history, and some women were denied access to support

for domestic abuse. A further issue in relation to language

barriers was identified for those women who arrived in the

UK from abroad later in pregnancy: without interpreting

services, it was impossible to obtain a full booking history

and make an assessment of risk factors.

Ongoing antenatal care
The importance of performing basic observations, record-

ing these and acting on the findings is a key message for

midwives to take from this Report. In particular, there were

numerous instances of midwives failing to perform urinaly-

sis, sometimes with potentially disastrous consequences. Of

equal importance is the responsibility to make appropriate

referral when a deviation from the norm is detected. There

were examples of women with abnormal findings during

an antenatal examination (for example raised blood pres-

sure and glycosuria) being advised to see a practice nurse

for re-assessment. This is entirely inappropriate, as it is

outside the scope of their practice.

The provision of written information is crucial. When a

potential or actual problem is detected, clear written infor-

mation in the woman’s first language is of vital importance

to enable her to seek further help if ‘warning signs’ of a

worsening condition develop. The provision of this infor-

mation, in addition to verbal advice, should be docu-

mented.

A woman who booked late for antenatal care had symp-

toms of pre-eclampsia identified at a community antenatal

appointment in the third trimester. She was referred to the

obstetric unit the following day, reviewed and community
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midwife follow up was arranged. This did not take place as

planned, and some days later she self-referred to the hospi-

tal, arriving with a blood pressure of 215/115 mmHg. Her

blood pressure proved impossible to control; she had an

emergency caesarean section and died within a week as a

result of a brain haemorrhage. There was no evidence that

she had been given written information about the signs of

pre-eclampsia.

As highlighted in Chapter 2, women are at risk of

thromboembolism from the very beginning of pregnancy

until the end of the puerperium. Midwives must be aware

of this risk, carry out risk assessments, and act on them.

When obstetric input is indicated, midwives have a

responsibility to ensure that this input is at the correct level

of seniority. For example, a pregnant woman admitted to

hospital with complications and the potential for serious

illness requires early assessment by a senior obstetrician. In

at least one organisation where women died, the admission

policy was for all women to be reviewed by a senior house

officer before a registrar or above was called. This is

entirely inappropriate.

Women who have long-term co-existing medical condi-

tions need appropriate and consistent advice on managing

these: for example, women with epilepsy should be

advised against bathing or bathing their baby unattended;

women with asthma should continue with their medica-

tion if required. Midwives are advised to read Chapter 10

which considers issues relating to ‘Other Indirect deaths.’

Women who do not attend antenatal appointments are

at risk of developing complications that go undetected until

their condition becomes serious or life-threatening. These

women are also more likely to be socially vulnerable, in

poorer physical health and to have mental health problems,

as outlined in Chapter 1. All these factors increase their

vulnerability. There are many examples of midwives going

to great lengths to support these women and to provide

care tailored to meet their complex needs. For example:

A grand multiparous woman had a long history of drug

and alcohol abuse and chaotic lifestyle. She booked early in

her pregnancy and had appropriate referral to all relevant

agencies and services, some of which she accessed. She had

regular antenatal care, facilitated by the midwife’s efforts to

follow up when she did not attend. Despite this, she died of

a drug overdose.

Her midwife should be commended for her recognition

of this woman’s extreme vulnerability and her perseverance

in providing her with appropriate care. However, alongside

the positive examples of good practice such as this, there

were also instances where there was a lack of robust sys-

tems to follow up women who failed to attend for care.

The failure to record this, and so enable follow up, further

increased the likelihood of these women suffering severe

pregnancy-related complications or death.

Where there are safeguarding issues and social care

involvement, the decision may be taken to remove a baby

at birth to the care of the Local Authority. The period of

time ‘pre and post case conference’ should be recognised as

one of high vulnerability for women where vigilance is

vital. Support should be embedded into the system; multi-

agency liaison is essential to address the woman’s needs.

However, a midwife whom the woman knows and trusts

has a particular role to play in providing ongoing support,

and a follow-up visit or appointment should be planned

following the case conference decision.

Intrapartum care

The basics: communicating with women
Listening carefully to women and assessing their physical

and emotional needs is a fundamental part of good mid-

wifery care. Good communication involves giving clear

explanations and checking that the woman has understood,

as well as listening. There were several examples in which

there was no evidence of women having been involved in

decisions that set in motion the chain of events that led to

their deaths. These include decisions to induce labour with

no clear indication. For example:

A multiparous woman was induced with prostaglandins for

‘post maturity’. Her first labour had been short, and this

time labour lasted for less than an hour. Following a nor-

mal delivery, she was transferred to the postnatal ward

where she collapsed and died a few hours after the birth of

a massive haemorrhage.

In this case, there was no clear rationale given for the

induction of labour and no evidence that the risks and

benefits of induction had been discussed with the mother.

Women of minority ethnic groups who have no or poor

use of English are particularly vulnerable during labour. As

in the antenatal period, the use of family members for

translation is not appropriate. Commissioners and provid-

ers of maternity services must ensure the 24-hour availabil-

ity of language support services to reduce women’s

vulnerability at this time. There were several examples

where the use of an interpreter would have greatly assisted

the mother during labour. For example:

A non-English-speaking woman planned a vaginal birth

following a previous caesarean section. Although she first

presented to her GP at 12 weeks, she failed to attend for

booking until her third trimester. At this stage, the mid-

wife she saw was unable to undertake her booking because

of pressure of work so this was carried out some weeks

later. At term she had an assisted delivery for delay in
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the second stage and suspected fetal compromise. She col-

lapsed and died of a haemorrhage some hours later. The

only mention of an interpreter was when the woman was

in extremis and the staff wished to explain events to her

husband.

Basic observations and assessment
There were many examples of failure to make or act

upon basic observations. For instance, a woman with sev-

eral risk factors for pre-eclampsia arrived at hospital with

a fully dilated cervix and promptly gave birth. She was

given Syntometrine and, over the next few hours, was

observed to have at least four abnormal features symp-

tomatic of pre-eclampsia. These were not acted upon

until she suffered a cerebral haemorrhage as a result and

died.

Appropriate risk assessment must be performed for all

women and risk status reviewed as necessary. For example:

A morbidly obese woman with additional risk factors for

hypertension had neither obstetric nor anaesthetic review in

either pregnancy or labour and so had no plan for delivery

care. She was induced at term, having had prelabour

rupture of membranes; the syntocinon rate was increased,

on the instruction of the senior midwife, when the cardioto-

cograph was already pathological. An emergency caesarean

section was carried out for suspected fetal compromise, and

this was followed by a fatal postpartum haemorrhage.

Another woman had a retained placenta following a nor-

mal delivery. There seemed to be no appreciation of the

change in her risk status, which led to failure to perform

appropriate observations and monitoring. It was several

hours before she was transferred to theatre. She suffered a

massive haemorrhage and underwent a hysterectomy but

died.

In these, and other cases, there seemed to be no

recognition that a further risk assessment needed to be

made in the light of an unforeseen complication and

that delay in responding might exacerbate the woman’s

condition.

Recognition of risk factors/signs of serious illness
and team working
Women with risk factors need clear multidisciplinary care

plans for labour and birth. On occasion, midwives’ failure

to call for senior medical help illustrated that this is associ-

ated with a lack of recognition of the seriousness of the

condition or with an inadequate response, including poor

or no planning. For example:

A woman with severe pre-eclampsia was admitted to the

labour ward by an Senior House Officer but was not seen

by a registrar for some hours. Treatment eventually com-

menced but was inadequate, and by the time a consultant

was involved (several hours after admission), the woman

had sustained an intracerebral haemorrhage. She died the

following day.

The midwife should have escalated this woman’s referral

to the consultant obstetrician.

Staffing and Supervision
For some women, documentation in case notes indicated

that the unit was very busy. However, it was apparent in

almost every case that escalation policies were not activated

appropriately, including involvement of the Supervisor of

Midwives.4 There were, however, some examples of exem-

plary practice:

A woman expecting her first baby was an inpatient at term;

she collapsed and required resuscitation, during which an

emergency caesarean was undertaken. Despite excellent care,

she did not survive.

The clinicians involved in this event responded in a

prompt, efficient and energetic manner, and excellent

teamwork was evident. The standard of the statement writ-

ing is such that a clear audit trail can be seen. In particular,

there was thorough support from the Supervisor of Mid-

wives, who was present for the emergency and also

arranged extensive support for the midwives during the

days and weeks following.

Postnatal care

Midwives should be aware that the postnatal period is

potentially a time of higher risk than pregnancy or labour.

As shown in Chapter 1, 63% of the 261 women who died

from Direct and Indirect causes did so following the birth

of their babies. There is a concern that the growing reduc-

tion in the frequency of direct postnatal visits and the drive

to replace direct contact with telephone communication

may be leading to less than optimal care. This is a research

recommendation in this Report.

Getting the basics right
Assessment of the woman’s health and wellbeing will

reduce the risk of the midwife focusing on emotional/men-

tal health issues that may be masking signs of physical ill-

ness. Having made an overall assessment of wellbeing, the

midwife should ensure that basic observations are per-

formed and recorded, acting on abnormal findings. There

were examples in the report of midwives failing in these

basic responsibilities, following both normal and operative

deliveries.
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Beware sepsis
It is of crucial importance for midwives to recognise that

this Report identifies sepsis as the leading cause of Direct

mortality and to act on the ‘take home messages’ from

Chapter 7. Despite the increase noted in this Report, sep-

sis remains a rare event, and addressing issues relating to

sepsis is a challenge for midwives and for mothers. There

is an urgent need for an awareness campaign for staff and

parents, backed up by clear written information on the

warning signs and symptoms for parents with instructions

on what to do if they are concerned. Midwives must be

aware of the potential sites of infection, including the gen-

ital tract and the breast, and also that women with other

infections (for example, a sore throat) are potentially at

risk of the infection becoming systemic.

Carrying out basic care and observations is of essential

importance, as is acting promptly on abnormal findings. As

a result of these repeated findings, a new section has been

added to this Report, Back to basics, which should be read

and acted on by all maternity staff. As an example of where

this might have made a difference:

A healthy young woman with a history of normal births

had a straightforward labour and birth at term. She was

discharged from hospital the following day and received

postnatal visits from her midwife. Within the first week, on

two occasions her midwife recorded that she was pyrexial

and feeling unwell; she advised the woman to see her GP if

she continued to feel ill. The midwife visited again 2 days

later but did not make any basic observations. The follow-

ing day, the woman saw her GP, who referred her immedi-

ately to hospital where she was admitted with abdominal

pain and septic shock. Her condition worsened rapidly, and,

despite excellent inpatient care, she suffered complete organ

failure and died shortly afterwards.

As illustrated above, a previously healthy woman can

unexpectedly become seriously ill and die extremely

quickly. The midwife did not follow up her abnormal find-

ings with a telephone call or visit the next day. When she

did visit again, she failed to make basic observations. Mid-

wives must recognise signs of infection which are discussed

in detail in both the new Back to basics section of this

Report and in Chapter 7, which are summarised in the

learning points Box 13.1.

To reduce the risks of infection during the postnatal per-

iod, midwives and others should:

• Take a full history from a woman who has pyrexia

and feels unwell. Check if she or a family member had

a sore throat. A ‘strep A throat’ can rapidly become a

generalised streptococcus A infection. Midwives should

be aware of the potential for ‘mouth to genital tract

transmission’ and, for example, advise all women,

including those who have, or whose close contacts

have, a sore throat to adopt simple hygiene measures

such as washing her hands before as well as after using

the lavatory and changing her sanitary pads.

• Women should be given written information about

what to expect in the postnatal period, together with

what to look out for in terms of developing problems.

This should include symptoms of infection, of pre-

eclampsia and pulmonary embolism/deep vein throm-

bosis. This information must also make clear who to

contact for help and advice on a 24-hour basis.

Air embolism
In most of the previous Reports of this Enquiry, as well

as in this one, a few deaths of women from air embolism

following sexual intercourse in the postnatal period have

been reported. It is hypothesised that this is the result of

air being forced into the mother’s circulatory system

Box 13.1. Signs and symptoms of sepsis

Pyrexia is common, but a normal temperature does not exclude sepsis.

Paracetamol and other analgesics may mask pyrexia, and this should be taken into account when assessing women who are unwell.

Hypothermia is a significant finding that may indicate severe infection and should not be ignored.

Swinging pyrexia and failure to respond to broad-spectrum intravenous antibiotics is suggestive of a persistent focus of infection or abscess.

Persistent tachycardia >100 beats/minute is an important sign that may indicate serious underlying disease and should be fully investigated.

Tachypnoea is sepsis until proved otherwise – persistently increased respiratory rate >20 breaths/minute is a significant clinical finding that can also

indicate other serious pathology, such as pulmonary oedema, pneumonia, thromboembolism or amniotic fluid embolism, and impending cardiac

arrest.

Neutropenia <4 · 109 white blood cells per litre is a significant finding that may indicate severe infection.

Diarrhoea is a common and important symptom of pelvic sepsis. Diarrhoea and/or vomiting in a woman with any evidence of sepsis is a very

serious sign and an indication for commencing immediate broad-spectrum intravenous antibiotic therapy.

Severe lower abdominal pain and severe ‘after-pains’ that require frequent analgesia or do not respond to usual analgesia are also common

important symptoms of pelvic sepsis. In some women, very severe lower abdominal pain may be the result of the action of bacterial toxins on

the bowel wall. On rare occasions, overwhelming streptococcal infection can present with generalised abdominal pain in the absence of pyrexia

and tachycardia.

Abnormal or absent fetal heart with or without placental abruption may be the result of sepsis.
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through the still healing placental bed. It is therefore rec-

ommended that:

• Midwives’ discussion of contraception and sexual

health issues after delivery should include clear advice

about sexual intercourse. The medical assessors to this

Enquiry recommend abstinence for 6 weeks, or gentle

intercourse and avoidance of positions where excess

air could be forced into the vagina.

Team work and care planning
Low-risk women who are planning early discharge from

hospital or who have given birth at home need a thorough

and thoughtful first postnatal assessment, with awareness

that serious complications can develop rapidly in the early

postnatal period.

Midwives should be aware that common problems in the

postnatal period can occasionally become life threatening.

There is no room for complacency.

High-risk women need clear discharge planning with

appropriate senior obstetric input. Women who have had

problem-free pregnancies and births but who develop post-

natal complications should have senior obstetric review and

discharge care planning before going home.

It is essential to plan ongoing care and support for the

most vulnerable women, with documented pathways estab-

lished for transfer of care to the health visitor. For exam-

ple:

A woman with an unplanned first pregnancy booked late

for care. No assessment of her mental health was made at

booking or during the pregnancy. She had an emergency

caesarean section and expressed feelings of disappointment

and failure. She struggled with breastfeeding, and this com-

pounded her feelings of inadequacy.

Although the midwife recorded the woman’s emotional

distress, she did not communicate this to the GP or the

health visitor. There was no co-ordinated plan recorded for

her ongoing care and support. This woman committed sui-

cide some weeks after birth.

As highlighted in the previous section on antenatal care,

women with mental health problems and those whose

babies have been removed into the care of the Local

Authority for safeguarding reasons may be particularly vul-

nerable and must be offered ongoing support.

Organisational issues
Organisational issues relating to postnatal care are of para-

mount importance, in particular full and timely communi-

cation of information and ensuring that there are clear

pathways for cross-boundary hand-over.

New patterns of postnatal care, for example the reduc-

tion in the number of routine home visits, additional clin-

ics/’drop-in’ sessions in Children’s Centres, and the use of

Midwifery Support Workers or other staff must have the

same rigorous follow up and recording systems for woman

who did not attend as should be in place for the antenatal

period. Failure to ensure such systems in place can mean

that women ‘slip through the net’: for example, a woman

did not attend her Children’s Centre postnatal appoint-

ment and was subsequently not seen for a significant per-

iod, during which time she had become seriously ill and

died as a result. Timely intervention from a midwife when

she became symptomatic might have saved her life.

Overall summary: take home
messages

Quality of internal reviews
A woman dying is fortunately a rare event within any sin-

gle organisation. It merits a thorough multidisciplinary

review, conducted in a spirit of open enquiry, to learn any

lessons that may help to save mothers’ lives in the future.

There was evidence of some thorough and excellent

reviews being carried out by Trusts; however, the converse

is also true. Given the rarity of the event, it was surprising

that some reviews were so cursory; others did not have

input from senior midwives into round-table discussions.

All such reviews must include input from the Head of

Midwifery and Supervisors of Midwives. If the arrange-

ments within individual Trusts do not support this, then

advice must be sought from the Local Supervisory Author-

ity.5

Supervision of midwives
Midwifery supervision has a central role to play in enabling

every midwife to reflect on her professional practice and to

learn from those situations where care has been well

planned and delivered as well as those where there have

been adverse outcomes. Supervision is therefore a key tool

in implementing the lessons learned from this Report.5

Final reflections

As described at the beginning of this Chapter, midwives in

the UK are in a unique position in relation to childbearing

women and their families, both in terms of their statutory

responsibilities and their ongoing relationship with women.

They are the healthcare professionals who can take the

overview of the woman’s health and wellbeing throughout

the childbearing continuum. It is imperative that the oper-

ational management of maternity services, as well as indi-

vidual midwives, recognise that ensuring continuity of care

and carer wherever possible plays a vital role in protecting

the wellbeing of women and their babies.

Midwives are the experts in the care of healthy, low-risk

women. They have a clear duty, however, to be equally
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skilled in the recognition of early signs of problems and to

make prompt referral for appropriate senior medical input.

Midwives accompany women at all stages of the journey

through pregnancy, birth and into new parenthood. The

ongoing nature of this relationship between midwives and

women means that midwives have a clear role as advo-

cates for women, particularly those vulnerable women

most in need of holistic support. However, at times, a

midwife may be the woman’s best advocate by challenging

her and helping her to see that the course of action she is

suggesting, although not the woman’s choice, is in her

best interest. If there is a single ‘take-home’ message for

midwives it is this: listen to the woman and act on what

she tells you.
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General practice (GP): specific recommendations

All GPs should make themselves aware of the following guidelines:

Venous thromboembolism and pulmonary embolus

• GPs should know the risk factors and warning signs of venous thromboembolism (VTE) and pulmonary embolus

(PE) in pregnancy and the puerperium.1 Risk factors include a past history of embolism, obesity or hyperemesis, and

warning signs include breathlessness.

Pre-eclampsia and eclampsia

• GPs need to ensure that they are up to date with guidelines for the detection and the referral indications for pre-

eclampsia or eclampsia.2 This should be actively excluded in women presenting with epigastric pain in pregnancy.

Asthma

• GP care should be consistent with recent guidelines.3 Steroids and beta-agonists are safe in pregnancy.

Mental health

• GPs are the lynch pin for multidisciplinary communication with the local perinatal mental health and general mental

health services and should follow the perinatal mental health guideline produced by the National Institute for Health

and Clinical Excellence (NICE).4

Obesity

• There are recent guidelines about the management of obesity in pregnancy, and all GPs should be aware of them.5

Information sharing: specific
recommendations

Whenever possible, a GP should give a named community

midwife confidential access to the woman’s full written

and electronic records, with the woman’s consent. If this

is not possible, the GP should supply a named commu-

nity midwife with a summary of the women’s past medi-

cal history, with the woman’s consent.

Introduction

This chapter identifies and highlights the key issues for

GPs raised by the 64 cases of maternal death that were

assessed for this chapter in this triennium. It should be

read in the context of the whole Report, especially the

‘Top ten’ recommendations and the Back to basics sections.

In this chapter, the key clinical issues are addressed in

the same order as the chapters in the Report, with some

additional GP-specific issues. The cases examined had sig-

nificant involvement of a GP in the care of the women

who died, or they were representative of a number of simi-

lar cases. For many women, the GP care was exemplary,

but, by the very nature of this Report, there were some

where the care was less than optimal. An assessment of

whether the care was substandard was a judgement made

in the light of the prevailing standards for good care at the

time of the death as described in Good Medical Practice for

GPs.6 In 45 of these 64 women, GP care was assessed as
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substandard; in 37 women this was judged to be a major

factor, meaning that better care may have changed the

eventual outcome. In the other eight women it was judged

to be a minor factor, meaning that although lessons could

be learned, the care probably did not affect the eventual

outcome.

A significant cross-cutting and recurrent theme is obes-

ity. Obesity in pregnancy is an increasing problem and is

associated with adverse pregnancy outcomes for the

woman. Its prevalence and outcomes are discussed in more

detail in Chapter 1. There are recent guidelines about the

management of obesity in pregnancy.5

Clinical causes of death

Venous thromboembolism
Two of the seven women assessed for this section had sub-

standard GP care. For example, the following case of deep

vein thrombosis (DVT) with a subsequent PE was missed

by two GPs:

An obese woman with recognised needle phobia refused all

blood tests in pregnancy and declined enoxaparin (Clex-

ane) after a caesarean section. She discussed this with a

midwife, who gave her TED stockings and told her to

move her legs, but there was no discussion with a doctor

and no record of her refusal of thromboprophylaxis in the

discharge letter. She saw her GP some days later with

swollen legs but no pain, and her GP stated ‘not a DVT’.

Another GP reviewed her a few days later and prescribed

analgesics for severe leg pain. Some days later she died

from a PE.

This woman had several risk factors for a DVT: a recent

pregnancy, operative delivery and significant obesity. DVTs

cannot be excluded by looking at the legs. The second GP

should also have recognised the classic signs and symp-

toms. Her needle phobia could have been treated by psy-

chological help during pregnancy. It was mentioned in the

GP referral letter, but no action was taken. There should

also have been a discussion in pregnancy about her risk of

VTE, the importance of possible prophylaxis after delivery

and clear documentation in the hospital discharge letter

about her refusal of prophylaxis.

Breathlessness is a common symptom in pregnancy, but

it can be a symptom of PE, and premonitory symptoms

sometimes occur:

A woman with no known risk factors died in her third

trimester from a massive PE having seen her GP a few

days earlier complaining of shortness of breath. She had a

careful examination, including a peak flow and oximetry,

but her pulse was not recorded. A diagnosis of asthma

was made, and she was treated with a salbutamol

inhaler.

A significant event analysis was completed in the prac-

tice and returned to the Enquiry. The practice reflected

on the importance of observing the pulse rate and the

opportunity for the GP involved to be supported by col-

leagues.

Three other women who died of PE had also presented

to their GP with breathlessness shortly before their death.

It can be difficult to distinguish significant causes from

trivial ones, and this is discussed in more detail in the Back

to basics section of this Report. The inclusion of the signifi-

cant event analysis report was unique, and the GP practice

is to be commended for this.

Hyperemesis and PE
Hyperemesis is a recognised risk factor for VTE, and two

cases of PE associated with severe hyperemesis gravidarum

were assessed. These women had been treated with antie-

metics but had not been monitored for dehydration. Earlier

admission for rehydration and thromboprophylaxis might

have prevented their deaths.

VTE: learning points

• Making, or excluding, a diagnosis of DVT requires

hospital-based investigations.

• Shortness of breath may be the result of a PE, espe-

cially if a woman has risk factors.

• Women with severe hyperemesis are at higher risk of

VTE; they require close monitoring for dehydration

and should be admitted to hospital if they fail to

respond adequately to antiemetics.

• Needle phobic women can benefit from psychological

treatment during pregnancy to avoid compromising

their obstetric or emergency care.

Eclampsia
The cases of several of the 19 mothers who died from

eclampsia were reviewed for this chapter, although they are

counted and discussed in Chapter 3. In all cases, the GP

care was substandard. The main failings were a failure to

undertake routine observations of blood pressure and pro-

teinuria and a failure to understand the significance of, and

act on, significant abnormalities. For example:

A healthy primiparous woman developed proteinuria +++

in her third trimester, but her GP recorded a normal blood

pressure. She was referred urgently to a urology clinic. A

few weeks later she was admitted by a midwife with epigas-

tric pain, irritability and reduced fetal movements with

a blood pressure of >200/110 mmHg. She required an
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emergency caesarean section after becoming confused

and drowsy. She died the next day from a cerebral

haemorrhage.

Her GP had failed to recognise the significance of new

onset proteinuria in pregnancy, and she should have been

urgently referred to the obstetric services, not urology.

In a further case a GP started treatment for pre-eclamp-

sia without hospital referral:

A woman with hypertension appropriately stopped her

enalapril at the start of pregnancy, but the midwife

booked for low-risk care, although the GP had mentioned

her hypertension in the referral letter. In the second

trimester, her blood pressure was 180/100 mmHg, and her

GP started methyldopa; her urine was not checked for

protein until some days later, when proteinuria was pres-

ent. A few days later she was admitted with epigastric

pain, catastrophic hypertension and heavy proteinuria. She

died of multi-organ failure and HELLP (haemolysis, ele-

vated liver enzymes and low platelet count) syndrome.

GPs should never start treatment for hypertension in pri-

mary care without specialist support. If this woman had

been referred immediately when her blood pressure was

raised, she would probably have survived. The community

management of hypertension in pregnancy has been

addressed in guidelines, and GPs should be aware of these.7

HELLP syndrome is part of the spectrum of pre-eclampsia:

A woman who developed gestational diabetes during preg-

nancy was under the care of the diabetic antenatal unit

(DAU). In her third trimester, she complained about

reduced fetal movements, generalised itching, oedema and

haematemesis. The DAU failed to recognise the significance

of these symptoms and recommended that she see her GP.

By now she also complained of smelly faeces, tiredness, slug-

gish fetal movements and belching. Her GP recorded that

she was jaundiced, with abdominal pain and bilateral leg

oedema; her blood pressure was normal. The GP performed

no investigations but advised her to see the midwife the

next day. By the next morning she was severely ill, with

hypertension, proteinuria +++ and deep jaundice. Despite

immediate delivery, she developed disseminated intravascu-

lar coagulation and died. At autopsy, the diagnosis was

HELLP syndrome.

HELLP syndrome may present before the other symp-

toms of pre-eclampsia. It has a poor prognosis and

requires immediate delivery to prevent rapid deterioration

of maternal liver function. Her specialist care was sub-

standard in failing to recognise the early symptoms of

HELLP syndrome. However, her GP should also have

recognised that severe jaundice in late pregnancy was sig-

nificant, even if she/he did not recognise HELLP syn-

drome, and should have referred her to hospital

immediately. This GP had no other contact with this

woman during pregnancy, was no longer carrying out any

routine antenatal care and was unaware of the serious sig-

nificance of her symptoms.

Pre-eclampsia and eclampsia:
learning points

• Epigastric pain is a common symptom of significant

pre-eclampsia.

• Routine observation of urine and blood pressure

should be checked every time a pregnant woman is

seen by a GP, especially if she is feeling unwell.

• Jaundice in a pregnant woman requires immediate

investigation and admission.

• GPs should always refer a woman with pre-eclampsia

for specialist care and should only start antihyperten-

sives in primary care if a woman is severely unwell,

before her emergency admission; in this situation the

treatment of choice is oral labetolol.

Bleeding or abdominal pain in pregnancy
Deaths in early pregnancy are counted and discussed in

Chapter 6. Unlike earlier reports, misdiagnosed women

who died from ectopic pregnancies were uncommon, but

they continue to occur:

A woman, unaware of her pregnancy, developed diarrhoea

and vomiting and spoke to an out-of-hours GP. A provi-

sional diagnosis of gastroenteritis was made. Her own GP

visited the next morning and admitted her to hospital

under the physicians, where the junior doctors continued to

treat her for gastroenteritis until she was in extremis. At

autopsy, a ruptured ectopic pregnancy was found.

The GP care was appropriate, but the diagnosis of a pos-

sible ectopic pregnancy was not considered either by the

GP or the hospital doctors. This presentation with diar-

rhoea and vomiting and abdominal pain but without

bleeding is typical of cases reported in the last few Reports.

If an ectopic had been considered, the outcome may have

been different. A higher level of suspicion and pregnancy

testing could make a difference.

A woman who spoke no English died after a miscarriage:

A woman went to see a practice nurse for a routine

immunisation and took her young daughter as an inter-

preter. The nurse elicited that her period was overdue and

declined to give the immunisation. It appeared from later

notes that she had been bleeding vaginally for some time

before this consultation. Later that night she collapsed. At

autopsy, there was evidence of chronic vaginal blood loss

and severe anaemia from an incomplete miscarriage.
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If the nurse had asked more questions about the preg-

nancy, she may have discovered the history of bleeding.

The use of relatives, especially young children, as interpret-

ers is a recurring issue throughout this Report and is dis-

cussed in more detail under the key recommendations in

Chapter 1. GPs and practice staff need to know how to

access translating services rapidly within their area.

Pain and bleeding in early
pregnancy: learning points

• GPs should ask all women of reproductive age with

diarrhoea and vomiting and abdominal pain about

the risk of pregnancy. If there is any doubt, they

should carry out a pregnancy test in the surgery; they

should consider carrying a pregnancy test in their

emergency bags.

• GPs and practice staff should know how to access

professional translation services rapidly. This is a

major recommendation in this Report.

Sepsis
Deaths from sepsis are discussed in detail in Chapter 7. In

the last Report, the GP chapter warned that ‘puerperal fever

is not a disease of the past’. Deaths from genital tract sepsis

have risen rather than declined in this triennium. Genital

tract sepsis has become the leading cause of Direct maternal

deaths in the UK for the first time since these Confidential

Enquiries into Maternal Deaths commenced in 1952. Many

of these deaths were from community-aquired Group A

streptococcal disease, mirroring an overall background

increase in mortality from this disease in the general popula-

tion. For many of these women, the outcome was unavoid-

able despite excellent care because of the rapid course

and late presentation of the illness. However, in others, pos-

sible opportunities to save lives may have been missed and

lessons remain to be learnt. Many women were in contact

with primary care, of which the following case is typical:

A woman developed a temperature and tachycardia a few

days after delivery, and her midwife suggested that she speak

to her GP if she did not start to feel better, which she did

not do. The midwife saw her a few days later but did no

routine observations or examinations. The GP visited a day

or so later because of abdominal pain, by which time she

was very ill and breathless with signs of peripheral shut

down. The GP made the correct diagnosis of puerperal sep-

sis, spoke to the Emergency Department and faxed a letter

because of his concern, but arranged a nonurgent ambulance

transfer. In hospital, she developed disseminated intravascu-

lar coagulation and multiple organ failure, from which she

subsequently died. Blood culture was positive for group A

b-haemolytic streptococcus.

Although her GP care was generally good, her hospital

transfer should have been quicker. This was not the only

case of septicaemia where a GP did not arrange emer-

gency hospital transfer. The current management of sus-

pected meningococcal septicaemia is to give parenteral

penicillin before blue-light transfer. In puerperal sepsis,

the group A b-haemolytic streptococcus is the usual

pathogen and is sensitive to penicillin, so suspected cases

could also be managed in the same way. The shocking

speed with which this illness progressed from early

symptoms to death in a number of women cannot be

overemphasised.

There were cases when septicaemia developed after a

sore throat and upper respiratory tract infection. These

women had all seen their GP or practice nurse about the

symptoms, and none had been prescribed antibiotics, in

common with routine practice. The GP care was good,

but it may be that the threshold for taking a throat swab

and treating with antibiotics should be lowered in preg-

nancy. The Centor Criteria may be helpful in deciding

which women are more likely to be suffering from

Group A streptococcal infection.8 If any three of the fol-

lowing criteria are positive, then antibiotic prescribing is

indicated:

• history of fever

• tonsillar exudate

• no cough

• tender anterior cervical lymphadenopathy

There were two cases when women became septicaemic

after mastitis. In such cases, an antibiotic should be com-

menced immediately; oral flucloxacillin 500 mg four times

daily for 10–14 days is the treatment of choice.9 The man-

agement of sepsis is discussed in more detail in the Back to

basics section of this Report.

Sepsis: learning points

• All pregnant and recently delivered women should be

informed about the risks and signs and symptoms of

infection and how to take steps to prevent its trans-

misson (see Back to basics section).

• All healthcare professionals should be aware of the

classic signs and symptoms, and sepsis must be con-

sidered in all recently delivered women who feel

unwell and/or have pyrexia.

• Sepsis is often insidious in onset. In the community,

vital signs should always be checked in women who

have any signs or symptoms of possible infection.

• Women with sepsis can deteriorate and die rapidly.

Abdominal pain, fever and tachycardia are indications

for emergency admission by blue-light ambulance for

intravenous antibiotics.
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Cardiac disease
Deaths from cardiac conditions are discussed in more

detail in Chapter 9. Ischaemic heart disease is becoming

more common in pregnancy because of later motherhood,

less healthy lifestyles and obesity. However, even with clas-

sic symptoms, two GPs failed to recognise the significance

of this woman’s pain:

An older mother who smoked with a strong family history

of heart disease developed pain in her left arm some weeks

after delivery. Her GP diagnosed muscular pain, but some

days later she woke with retrosternal chest pain radiating to

her left arm and vomiting. The out-of-hours doctor recom-

mended paracetamol. She died at home shortly afterwards

of a myocardial infarction

Her GP and the out-of-hours GP both failed to consider

the diagnosis, despite a classic history, and there was a fail-

ure to make an adequate risk assessment because of inade-

quate telephone triage.

Other mothers with cardiac disease presented with

chest pain and/or breathlessness. Significant cardiac dis-

ease needs to be distinguished from trivial breathlessness

and investigated urgently as an inpatient. This is dis-

cussed in more detail in the Back to basics section of this

Report.

Cardiac disease: learning points

• Not all chest pain in pregnancy is heartburn: it may

be ischaemic, especially if a woman has risk factors.

• Breathlessness in pregnancy may be caused by cardiac

conditions and needs to be carefully assessed.

Epilepsy
Deaths from neurological conditions are counted and dis-

cussed in Chapter 10. Several deaths from epilepsy were

reviewed for this Chapter, of whom three had substandard

GP care. For example:

A woman with well-controlled epilepsy had tailed off her

sodium valproate before a planned pregnancy on the advice

of a neurologist. When she had a fit, her GP referred her

back to neurology requesting an immediate appointment;

this was given over a month later. The neurologist recom-

mended starting lamotrigine and wrote to the GP but gave

no specific advice about how to introduce or monitor treat-

ment. The woman did not see her GP following the neurol-

ogy appointment. She was later found drowned in the bath.

At post-mortem her lamotrigine level was <1 mg/l, suggest-

ing that she had not taken the medication.

Here the GP provided good care by referring her

urgently to a neurologist. The neurologist should have

communicated with the GP by fax or telephone and given

explicit instructions about doses and monitoring of medi-

cation. There are specific issues about fluctuations of lamo-

trigine levels in pregnancy, as mentioned in Chapter 10; it

should be common practice to monitor these during preg-

nancy. The GP made no attempt to initiate the recom-

mended treatment. This lady was clearly ambivalent about

medication, perhaps because of worries of adverse effects

on the baby, but both her GP and neurologist should have

explored this with her in more detail.

Risks of bathing alone
As has been seen in earlier Reports, and in this, women still

drown in the bath having had an epileptic seizure, some-

times with the door locked. This risk is generally not well

recognised, and all epileptic women should be advised to

shower, rather than bathe, and not to lock the bathroom

door. A safety leaflet from Epilepsy Action is available at

www.epilepsy.org.uk/info/safety.

Every epileptic woman of child-bearing age needs to

understand the need for pre-pregnancy counselling and

high-risk care during pregnancy. This is discussed in more

detail under ‘Managing pre-existing diseases’.

Epilepsy in pregnancy: learning
points

• Epileptic women of child-bearing age need to be

informed of the risks of epilepsy in pregnancy before

conception.

• If fits increase or recur in pregnancy, a woman should

be referred to a neurologist who should see them

within a week.

• Lamotrigine levels need monitoring during pregnancy.

• Pregnant women should be advised to shower, rather

than bathe, and not to lock the bathroom door.

Asthma
Three women dying from asthma received substandard GP

care. They were all women with severe asthma who should

have been under the care of respiratory physicians during

pregnancy. For example:

A mother with severe asthma (history of several respiratory

arrests) stopped her inhaled corticosteroid, possibly on med-

ical advice, at the start of pregnancy. The GP included the

diagnosis of asthma, but not the severity, in his obstetric

referral letter. She was booked for low-risk maternity care.

She requested and obtained many repeat prescriptions for

salbutamol during pregnancy. A few days after delivery she

developed a chest infection and was treated with antibiotics;

her peak flow (PF) was 200 l/minute (44% of her predicted
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PF 450 l/minute). She was subsequently treated with

prednisolone, but her PF, pulse and respiratory rate were

not recorded and no follow up was arranged. A few weeks

later, she suddenly became breathless, collapsed and died of

asthma.

She was inaccurately advised about stopping her inhaled

corticosteroid in pregnancy and was clearly requesting

excessive repeat prescriptions of salbutamol without the GP

noticing. Postnatally, the severity of her asthma was unrec-

ognised, inadequate observations were taken and no follow

up was arranged. If she had been treated using national

guidelines, her death may have been avoided.3 Short- and

long-acting beta agonists and inhaled corticosteroids are

safe in pregnancy.

In a review of the effects of pregnancy on asthma,10

increased hospital admission was associated with a lack of

use of inhaled corticosteroids. In general, the effect of preg-

nancy on known asthma was one-third improved, one-

third worse and one-third unchanged. Most women with

asthma have mild disease and require primary care during

pregnancy. GPs need to provide adequate detail about the

severity of asthma, so that maternity services can assess

women who need specialist care (see learning points).

Asthma: learning points

• GPs must inform maternity services about the severity

of pregnant women’s asthma.

• Most pregnant women with asthma can be cared for

in primary care. Only women with persistent poor

control, a history of hospital admission as an adult,

respiratory arrest or continuous or frequent courses

of oral steroids would usually require specialist refer-

ral to a chest physician during pregnancy.

Psychiatry and substance misuse
Deaths from psychiatric causes are counted and discussed

in Chapter 11. As in the last Report, there were cases where

known previous psychiatric history and family history did

not prompt early psychiatric referral and care planning to

anticipate problems after delivery. It appears that GPs are

still not aware that the risk of recurrence of puerperal psy-

chosis is about 50% with a previous history.11 With plan-

ning, some of these deaths might have been prevented:

A pregnant woman had a history of severe postnatal depres-

sion that required hospital admission after her previous

pregnancy and a family history of psychotic illness. She was

taking venlafaxine before and during pregnancy. She was

booked for low-risk care because the midwife did not obtain

her mental health history at booking. In the third trimester,

she was admitted with severe depression but discharged

herself and failed to attend follow-up appointments. After

delivery, the midwife, as instructed, telephoned the psychia-

trist to say she had delivered, but no follow up was

arranged. She did not see her GP after delivery and died of

violent means some weeks later.

She should not have taken venlafaxine in pregnancy.

With her history, she should have been referred to a peri-

natal psychiatrist at the start of pregnancy to develop a

management plan. Following her admission for severe

depression in pregnancy and after delivery, the GP should

have contacted her. The GP did not communicate with the

midwife at any stage. As a result of strategic policy changes,

this GP and midwife were no longer working on the same

site and did not share computer systems; this was a barrier

to good communication.

In another case, despite a detailed postnatal mental-

health care plan, as recommended in previous Reports,

when the woman became psychotic she was treated at

home inappropriately rather than being admitted to hospi-

tal as stated in the agreed plan. A care plan needs to be a

practical document, rather than a ‘tick box’ exercise, other-

wise it is not worth the paper it is written on.

In three other cases where there was no specialist perina-

tal service, ill women were not accepted by psychiatric ser-

vices because they did not meet the local referral criteria,

having been labelled incorrectly as ‘anxious’. If specialist

perinatal services had been available, they may have been

more sensitive to the early symptoms of severe depression

or psychosis, and the outcome may have been different.

Vulnerable women can pose a challenge for health pro-

fessionals:

A woman with a history of domestic abuse and a chaotic

lifestyle had a previous partner who had died from a heroin

overdose. No personal history of drug use was obtained at

booking. She was referred to social services by the police,

having reported abuse. She attended the Emergency Depart-

ment in mid-pregnancy after an assault, intoxicated with

crack cocaine, but the letter to the GP recorded only the

assault. Several safeguarding conferences were held; drug

misuse was recorded in all the reports. The baby was placed

on the child protection register from birth. The GP started

her on citalopram for depression shortly after delivery, but

he did not arrange any follow up and did not inform the

health visitor, who worked on a different site. The woman

died of an overdose of alcohol and cocaine a few weeks

later.

The GP failed to consider the possibility of drug misuse,

despite clues from the history. This is a recurring theme of

cases examined, probably because women are afraid of the

consequences of disclosure. Maintenance treatment during

pregnancy by an addictions team or specialist GP may
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reduce the risks to the woman and her child. The GP did

not attend or contribute to the safeguarding meetings or

read the reports that clearly mentioned drug misuse. GPs

need to be aware of their responsibilities in safeguarding

children.12 Finally, he did not arrange follow up or inform

the health visitor when he prescribed antidepressants. All

the health professionals involved in this woman’s care

worked from different sites, they had no meetings or mech-

anisms for communication and they were all overstretched.

This is a reflection of the current fragmentation of care.

As in the last Report, a number of deaths from overdoses

or suicide occurred around the time of a child protection

case conference. In this Report, ten women died in such

circumstances. Women are afraid of these meetings and

avoid services for fear that their child will be removed.

They need additional support and surveillance through

these difficult times, especially if the child is removed.

Mental health: learning points

• Women with a history of psychosis have at least a

50% risk of perinatal recurrence. A family history of

psychosis also increases the risk of puerperal psycho-

sis. Women with severe and enduring mental illness

should be referred by their GP to a mental health

team, preferably a perinatal service, for care planning

early in pregnancy.

• GPs need to have established channels of easy com-

munication with midwives, health visitors and mental

health teams.

• GPs should be proactive in maintaining contact with

women with significant mental health problems, rec-

ognising that the women may not initiate contact

themselves.

• GPs need a higher level of awareness for women who

may be misusing drugs.

Managing pre-existing disease
Of the 64 cases examined for this chapter, 47 mothers

(73%) had pre-existing conditions. This included epilepsy,

diabetes, obesity and psychiatric conditions as well as rare

diseases. All these women, by definition, should receive

consultant-led care, although this may be shared with the

midwife and GP.

A key recommendation in the last Report, as in this, is

that women with pre-existing conditions should have

access to pre-conception care.13 While specialist consultants

have a responsibility for ensuring this happens, it is the GP

who should be central to coordination. This has been hap-

pening for conditions like bipolar disorder, but it seems

less likely to happen in conditions such as autoimmune or

cardiac disease and very rare conditions.

A woman with a rare form of autoimmune disease became

pregnant, and her GP referred her immediately to the local

obstetric and secondary-care services. He also wrote to the

tertiary centre responsible for her care asking for guidance

on management during pregnancy. The tertiary centre

failed to provide this. She developed significant and predict-

able complications in the third trimester and died as a

result.

This GP provided excellent anticipatory care, by making

specialist referrals at the same time as referring to an obste-

trician. The outcome from the tertiary referral should have

been a care plan available in her hand-held records antic-

ipating predictable clinical problems with advice about

appropriate action to take if problems arose. If this woman

had been delivered at the tertiary centre, she may have sur-

vived. No one except the GP considered this possibility.

GPs may need to make urgent referrals for these women

if their condition changes. There was evidence that consul-

tants did not always read the letters or make appropriately

requested urgent appointments. Choose and Book and

demand management systems to reduce GP referrals and

restrictions on inter-consultant referral should not compro-

mise referrals for the care of these women.

Written communications and urgent appointments
Inadequate written communication was again an issue. GP

referral letters did not always include significant details

about past medical history, such as a diagnosis of hyperten-

sion or an accurate record of severity of asthma.

There were instances where midwives failed to record

significant past medical history, such as severe mental ill-

ness or hypertension, even though the GP referral letter

was clear. Letters to GPs were sometimes inaccurate or

incomplete and directly contributed to some deaths; exam-

ples include a lack of instructions about blood pressure

monitoring after discharge in a woman with pre-eclampsia,

a diagnosis of ‘worsening peripheral oedema’ rather than

heart failure and vague instructions for starting antiepilep-

tics with no recommendation to monitor blood levels.

Consultants did not appear to read referral letters and

did not always respond to requests for urgent appoint-

ments; there were cases of a delay of 4 weeks with a history

of hypertension and subarachnoid haemorrhage, a delay of

6 weeks after a fit in pregnancy and a delay of 5 weeks for

a diabetic woman. This may be because this task is now

delegated to administrative staff.

In some situations, a phone call backed up by a letter

would be more appropriate; for example, in one case after

the death of a baby from sepsis, the GP might have been

more aware of the risk to the mother if the consultant had

spoken to him directly. Phone calls between GPs and con-

sultants and vice versa seem to be a disappearing feature of
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the modern health service. Conversations take place

between GPs and junior staff, who may have insufficient

experience to offer adequate advice. Telephone communi-

cation needs encouragement in both directions; to facilitate

this, GPs need to be prepared to accept consultant calls

during surgery.

Referrals: learning points

• Remember, referral is not treatment.

• If you are concerned or think that an urgent response

is required, telephone a senior clinician.

• Always back up a fax, email or phone call with a writ-

ten letter (remember to copy in the midwife).

• Include in the referral letter details of:

s current problem and reason for referral

s details of any past medical history, including mental

health history, even if not directly relevant to the

presenting problem

s all medications she is currently on or has recently

stopped

s investigations so far.

Changes in service delivery
GPs are now rarely involved in routine maternity care.

Only three (5%) of the 64 women whose deaths were

examined for this chapter were in shared care between the

midwife and GP. However, GPs were often consulted in sit-

uations that led to death. It is worrying that some GPs

lacked basic knowledge about identifying and managing

certain conditions, such as DVT, PE or pre-eclampsia. GPs

are experts at dealing with uncertainty, especially with

complex problems. They are also the ‘experts’ in conditions

like upper respiratory tract infections and asthma and

should provide this care in pregnancy. The separation

between routine maternity care and routine primary care

may lead to de-skilling of GPs in obstetrics and put moth-

ers at risk.

In addition, midwives are working increasingly from

other premises, such as Children’s Centres. This makes it

more difficult to maintain good communication. There

were examples of this affecting care for the women who

died: for example, a woman failed to disclose a history of

severe depression to her midwife. Midwives in Children’s

Centres do not have access to GP computer records, which

give details of relevant past medical history, recent consul-

tations and results. In the last Report, we recommended

that ‘Whenever possible, a GP should give a named com-

munity midwife confidential access to the woman’s full

written and electronic records’ (preferably with the

woman’s consent). This recommendation should be

endorsed, but we need to recognise that this has become

more difficult since the last report because of geographical

separation. In this situation, formal ways of communicating

and sharing information need to be developed locally.

Information sharing: specific
recommendation

Whenever possible, a GP should give a named commu-

nity midwife confidential access to the woman’s full writ-

ten and electronic records, with the woman’s consent. If

this is not possible, the GP should supply a named com-

munity midwife with a summary of the women’s past

medical history, with the woman’s consent.

The impact of a maternal death
Dealing with a maternal death is one of the most difficult

and upsetting situations that any healthcare worker, includ-

ing GPs, may face in the course of a professional life. There

may be extreme feelings of guilt, fear of anger from the

family and worry about blame from external investigations

or litigation. Sometimes these fears are borne out.

It is good practice (and encouraged by Quality and Out-

comes Framework) to conduct significant event audits

within practice after a maternal death; one example is

found among the vignettes about VTE. But there were also

examples where GPs were blamed in Trust enquiries, some-

times with justification. This should not happen unless the

GP has been invited to contribute and attend. Where a GP

who provided exemplary care was involved in a Trust

enquiry, it built understanding. For example:

A woman with presumed puerperal psychosis died in violent

circumstances a few days after her delivery. There were no

apparent risk factors, and her care had been excellent.

Excellent care was provided to her husband and family

after her death, with effective communication between the

GP and midwife. The GP was invited to attend the serious

untoward incident review meeting. All parties welcomed the

opportunity to reflect on the death and to ensure that path-

ways of communication and support were available for all

professionals.

Following a maternal death, a GP will be approached to

provide confidential information to the Enquiry. They are

expected to provide an extract of the clinical record, the

outcome from a significant event meeting and some per-

sonal reflection about their learning. In 34 cases, the GP

had provided adequate information, but in 15 there was

minimal information and in 15 there was nothing. This

does not seem adequate. Good Medical Practice for GPs6

states that an exemplary GP ‘co-operates with any investi-

gation arising from a complaint, and when appropriate

instigates changes to prevent any recurrence’.
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Managing a maternal death in
general practice: learning points

• A maternal death should always be regarded as a sig-

nificant event within a practice.

• A GP should engage fully in any Trust enquiry into a

maternal death.

• GPs should forward to the Enquiry an anonymised

full copy of the woman’s pregnancy record, any rele-

vant past medical history, the results of a significant

event analysis for any maternal death and any other

reflections on the death.

Conclusion

GPs remain an important part of the teams that care for

pregnant women. This Report focused on tragic situations

when women died. There are many situations when deaths

are unavoidable and where GPs have provided exemplary

care and support. Most GPs are committed to providing

excellent care; they are the experts in managing uncertainty

in medicine. However, there are also cases contained in

this chapter where care has been less than good, and there

is real concern that GPs are becoming de-skilled in mater-

nity care. GPs need to demonstrate that they are compe-

tent in maternity care by updating their knowledge and

skills so as to manage the emergency situations they may

have to face.
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Emergency Department: specific recommendations

• Emergency medicine clinicians should be trained in the identification and management of seriously ill pregnant or

recently delivered women, especially those with atypical presentations. They should be able to recognise obstetric emer-

gencies and to understand the physiological differences in pregnant women and how these interact with disease processes.

They should have a full knowledge of the obstetric aspects of emergency medicine.

• Emergency medicine clinicians should be aware of the signs and symptoms of the commoner obstetric conditions which

might be misattributed to other causes. These messages are contained in the Back to basics section of this Report. The fol-

lowing symptoms are important presenting features of potentially serious illness in pregnant and postpartum women:

Pyrexia Chest pain

Shortness of breath Proteinuria

Headache Hypertension

Diarrhoea Abdominal pain

Vomiting Tachycardia

Epigastric pain

• Pregnancy testing should be carried out in women of childbearing age who present to the Emergency Department

(ED) with unexplained symptoms that could be the result of pregnancy-related illness, including gastrointestinal

symptoms. The results must be communicated to the woman and acted upon if necessary.

• Women who attend the ED frequently should be seen by a senior clinician.

• A discharge summary should be sent to the woman’s GP following every ED attendance and particular issues should

be highlighted. These include women with multiple attendances for apparently minor complaints, which can indicate

domestic abuse.

• The woman’s handheld maternity notes should be written in following every ED attendance wherever possible.

• Equipment and drugs used in the ED should be familiar to all who use them, up to date and fit for purpose.

Introduction

This is the second Report in which a summary chapter has

been written especially for emergency medicine clinicians.

Once again, a consultant in emergency medicine has

reviewed the relevant maternal deaths where an Emergency

Department (ED) was involved and from which lessons

might be learnt. Although the specific recommendations

and learning points in this chapter are for emergency medi-

cine clinicians, all of the key recommendations, most of the

learning points in the other chapters and the new summary

of common clinical signs and symptoms which may be

overlooked as signs of significant maternal disease, Back to

basics, are also relevant to clinicians practising emergency

medicine. This chapter also endorses the recommendations

in the previous Report.1

Although in many instances the care provided for sick

pregnant or recently delivered women by members of staff
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in the ED was of a high quality, issues of concern still

remain. In particular, these include the recognition of the

severity of illness and the management of women who

attend one or several EDs on a number of occasions.

Background

Emergency medicine services
Urgent and emergency care in the UK is currently provided

by primary care, EDs, minor injury units, urgent care cen-

tres, walk-in centres and polyclinics. This multiplication of

points of access to the service tends to confuse patients.

The majority of patients attend the ED and primary care

for their emergency care. Out of hours and at weekends,

EDs are open and staffed 24 hours a day, 7 days a week,

whereas the other types of services tend to be open a vari-

able number of hours and days of the week and are incon-

sistently available. Local information about services, their

opening hours and what each can provide therefore needs

to be widely available. In the future, it may well be that a

single point of access is the most suitable model for

patients and clinicians.

During the period of this Report, 2006–08, in England,

the 4-hour emergency care operational standard stated that

98% of patients must be admitted, transferred or dis-

charged within 4 hours of their arrival at the ED.2 This put

tremendous pressure on already busy departments, but it

was crucial that safety was not compromised by a need to

get the patient through the system to fulfil the operational

standard. Even though it may appear that a patient’s care

is likely to fail to meet an operational target, they must be

treated in a timely and appropriate manner and referred

correctly, rather than discharged too early or sent to the

wrong ward just to tick a box. Fortunately, this did not

apply to many of the women in this Report. In April 2010,

the A & E Clinical Quality Indicators came into force.

Early pregnancy assessment units
A number of hospitals now have dedicated early pregnancy

assessment units (EPAUs), which can assess potential prob-

lems in early pregnancy, such as bleeding, that used to be

performed by the ED staff. However, EPAUs are rarely

operational 24 hours a day, and it is extremely important

that women with problems know where to go, and when,

so that they do not end up in the wrong place at the wrong

time because of confusion. This is particularly the case if

those EPAUs which see women who are able to self-refer

are closed. There needs to be clear information for all

women about the alternative services available to them if

the unit is closed. These should be matched by protocols

between hospital units, EDs and EPAUs, which enable the

rapid transfer of any woman to the most appropriate place

for her care.

An additional issue is that many EDs do not see

women with pain or bleeding in early pregnancy, and so

this cohort of women, and the lessons they can provide,

is lost to many clinicians. An early pregnancy service that

is available 24 hours a day, 7 days a week and that pro-

vides a consistent and high-quality service to women is

vital.

Ambulances and paramedics: prehospital medicine
When a pregnant or recently delivered woman collapses in

the community and someone calls 999, an ambulance has a

specific dispatch time target depending on the call category.

The ambulance will be staffed by at least one paramedic

and possibly an ambulance technician. In addition, in some

parts of the UK, rapid response vehicles can be deployed

that also carry paramedics, and there are also now some

services that offer first-response helicopters, with or with-

out doctors on board. Another growing trend has been the

employment of Emergency Care Practitioners—often para-

medics with extended clinical skills. These personnel work

autonomously and are able to keep a patient at home by

following certain protocols. Training for doctors in ‘pre-

hospital’ medicine is becoming more formalised, and there

is now a Faculty of PreHospital Medicine set up by the

College of Emergency Medicine in conjunction with the

Royal College of Surgeons of Edinburgh and the other

Royal Colleges. The Advanced Life Support Group have set

up a Prehospital Obstetric Emergencies Training Course

(POET), which is well-established in the UK and is also

being successfully used abroad.

Summary of key findings for 2006–08

The main causes of death for the pregnant or recently

delivered women who died and had contact with the ED

this triennium were thromboembolism, pre-eclampsia,

ectopic pregnancy and cardiac disease. Many of these

women received excellent care and moved swiftly through

the ED to other specialties.

Twenty-seven women died in the ED or shortly after

transfer to another critical-care area, the vast majority of

whom had suffered a cardiac arrest before arrival. The

remaining few arrested in the ED. In all women, cardiopul-

monary resuscitation took place. Ten women were then

moved to other critical-care areas following their successful

initial resuscitation, but, for the other 17, resuscitation was

discontinued while they were still in the ED. In general,

resuscitation guidelines were efficiently followed, even

though outcomes from prehospital arrests are universally

poor. It is undoubtedly the case that attempting to resusci-

tate a pregnant woman, with or without an associated peri-

mortem caesarean section, is extremely distressing for all

staff involved, partly because it happens so rarely. It is
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important that support and feedback are given to allow for

learning and reflection.

All the 17 women who died in the ED also underwent a

peri-mortem caesarean section. Most were already under-

going cardiopulmonary resuscitation on arrival, and the

chance of their own or their baby’s survival was already

poor. However, of the peri-mortem sections, there was one

live birth, five early neonatal deaths and the rest were still-

born. The gestational ages ranged between 20 and

39 weeks. As shown in Chapter 1 of this Report, no baby

this triennium survived a peri-mortem caesarean section

performed at 28 gestational weeks or less. However, sur-

vival rates increase with gestational maturity, and 47% of

babies born this way at 36 weeks of gestation or more sur-

vived this triennium. However, all but one of these fol-

lowed a collapse while the mother was already admitted to

hospital.

The care the women received

All the women who were transferred from the ED following

their emergency admission came into contact with critical-

care teams or general physicians, in addition to obstetri-

cians. In general, the care that they received in the ED was

of a high standard; nevertheless, there are some general

clinical and organisational themes.

Clinical practice
One of the most important skills of an emergency medicine

clinician is the ability to recognise a sick woman at an early

stage, as once a woman is in extremis, their chances of sur-

vival are much lower. This skill is one which is repeatedly

taught to doctors in training in emergency medicine,

whether they are on an Acute Care Common Stem rotation

as junior doctors or undergoing higher specialist training

as a registrar. Basic skills in history-taking, examination

and the appropriate use of special investigations are the

building blocks of the recognition of the sick woman. In

addition, the management of these women should be based

on regular observations, modified early obstetric warning

scores (e.g. MEOWS) and, most importantly, the ability to

act on abnormalities in basic parameters such as heart rate,

respiratory rate, Glasgow Coma Score, temperature and

capillary refill. Parameters such as blood pressure can be

deceptive and should always be reviewed in context.

Thromboembolism
In both pregnant and nonpregnant women, the diagnosis of

pulmonary embolism continues to be challenging. Addi-

tional tests such as D-dimer measurement may help in cer-

tain cases. It is important not to place too much emphasis on

specialist investigations when the trigger to diagnose pulmo-

nary embolism is essentially a clinical one. Breathlessness is a

very significant presenting symptom, as also discussed in the

Back to basics section of this Report. Significant breathless-

ness of sudden onset in pregnant women, especially in the

presence of tachycardia, mandates that diagnosis of pulmo-

nary embolism must be high on the differential diagnosis

and excluded.3

Once pulmonary embolism is part of the differential

diagnosis, urgent referral to the physicians and the obstetri-

cians is indicated. Similarly, an urgent referral must also be

made if significant breathlessness is present. It is also extre-

mely important that any treatment takes account of a

woman’s individual circumstances. For example:

A woman with a psychiatric disorder and social problems

had a family history of thromboembolism. After delivery,

she was discharged home on ‘self-administered Clexane’ but

lacked the skills to give herself these injections. Four weeks

after delivery, she attended the ED with calf pain and

breathlessness. She was given an injection of low-molecular-

weight heparin and was asked to come back next day. She

failed to do so and 2 weeks later returned with a history of

pleuritic pain, developed severe breathlessness and died.

Venous thromboembolism: learning
point

Symptoms of venous thromboembolism include: breath-

lessness, tachycardia and leg pain and early obstetric

referral should be considered.

Pre-eclampsia
Women rarely present to the ED with pre-eclampsia, and

it may therefore be hard to recognise. Essentially, any

pregnant woman who presents with a headache or abdom-

inal pain (particularly epigastric pain) should have their

blood pressure recorded and urine tested for protein.

Raised blood pressure or proteinuria mandates a referral

to obstetric colleagues, as does the finding of abnormal

liver function or haematological tests. Once diagnosed,

careful fluid balance and judicious use of anti-hyperten-

sives is required.

All pregnant women with pre-eclampsia and a systolic

blood pressure of 150–160 mmHg or more require anti-

hypertensive treatment in line with the recent guidelines

from the National Institute for Health and Clinical

Excellence (NICE).4 If systolic hypertension is very severe

(e.g. 160 mmHg or more), treatment needs to be urgent.

Consideration should also be given to initiating treatment

at lower pressures if the overall clinical picture suggests

rapid deterioration or where the development of severe

hypertension can be anticipated. The target systolic blood

pressure after treatment is 150 mmHg.
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Pre-eclampsia/eclampsia: learning
points

Obstetric referral is recommended if any of the follow-

ing are present:

• hypertension

• proteinurea

• epigastric pain

• vomiting.

Ectopic pregnancy
When the classical triad of symptoms (abdominal pain,

vaginal bleeding and syncope) is present, ectopic pregnancy

can still be difficult to diagnose. This is mainly because

these symptoms can be attributed to other less serious con-

ditions, including pregnancy itself. Furthermore, as has

been repeatedly stressed in earlier Enquiry reports, ectopic

pregnancy often presents with nonspecific symptoms

such as diarrhoea. Unless ectopic pregnancy is high on

the differential diagnosis list, it can be easily missed. For

example:

A woman was referred to hospital by her GP because of

diarrhoea, vomiting and abdominal pain, with suspected

gastroenteritis. Her haemoglobin value was 10.9 g/dl with

tachycardia on admission, but a pregnancy test was not

performed. She was then seen by several junior hospital

doctors and, during the following few hours, received several

litres of intravenous fluids with a urinary output of less

than 500 ml and a severe fall in haemoglobin. She died

before diagnosis. At autopsy, her abdominal cavity con-

tained about nine litres of bloody fluid and clot, together

with a ruptured tubal pregnancy.

In addition to the classical symptoms of vaginal bleeding,

abdominal pain and amenorrhoea, diarrhoea, vomiting and

fainting should all be taken seriously with a view to ectopic

pregnancy as part of the differential diagnosis.

Ultrasound scanning is now part of the curriculum for

higher specialist trainees in Emergency Medicine. However,

this is Focused Assessment Sonographic Trauma (FAST)

scanning, which will simply reveal free fluid in the abdo-

men, and not specialised abdominal or indeed transvaginal

scanning, which should only be carried out by a clinician

skilled in this diagnostic imaging technique.

Women who present with ectopic pregnancy-related

symptoms occasionally do not know their pregnant state,

and estimation of urine and serum levels of b-human chori-

onic gonadotrophin is required. Many departments include

pregnancy testing in all women of childbearing age who

present with abdominal and other nonspecific symptoms.

The Early Pregnancy deaths chapter of this Report, Chapter

6, also suggests that all women with gastrointestinal symp-

toms should be tested. Although this may result in many

negative results, it may well reveal previously unknown

positives. In some cases in this triennium, extremely young

and much older women were not tested and their preg-

nancy was missed as a result. In a few other cases, the

women were not informed of their pregnancy test results,

which may have contributed to their fatal outcome. There

were also cases of women who did not know that they were

pregnant even though this information was entered in the

notes. It is of crucial importance that, once a pregnancy test

has been found to be positive, action results:

A very young girl with a complex social history was unwell

for a year or so with vomiting and severe loss of weight.

Her symptoms were ascribed to an eating disorder, although

she did not seem to have been referred for psychiatric care.

Early in her illness, she attended the local ED with a history

of vomiting, abdominal pain and irregular periods. Her

positive pregnancy test at the ED was overlooked and not

followed up. During the succeeding months, she repeatedly

returned to the ED with similar symptoms, but no further

pregnancy test was done, perhaps because of her age. Her

symptoms were either ascribed to an eating disorder or gas-

tritis. Nearly a year after her positive pregnancy test, she

was admitted and died of a cerebrovascular accident as the

result of a disseminated choriocarcinoma.

Ectopic pregnancy: learning points

In addition to the classical symptoms of vaginal bleed-

ing, abdominal pain and amenorrhoea, the symptoms of

diarrhoea, vomiting and fainting should all be taken

seriously with a view to ectopic pregnancy as part of the

differential diagnosis. These features need to be emphas-

ised to all clinical staff.

All positive pregnancy tests carried out in the ED

should be followed up and acted upon by the relevant

clinician.

Cardiorespiratory disease
The diagnosis of pneumonia in pregnancy can also be chal-

lenging, as once again, breathlessness was too often wrongly

perceived to be a normal state in pregnancy.

Tachycardia is seen in both pneumonia and in other

forms of sepsis and may be ignored when other parameters

are stable. Tachycardia is particularly relevant in emergency

medicine and should never be allowed to exist in the

absence of a diagnosis.

Women who are pregnant but have a co-existing diagno-

sis of asthma should be carefully managed, as breathlessness

and wheeze are so often attributed to mild asthma when,
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in fact, these symptoms can be forerunners of moderate

and severe asthma. In this triennium, wheezing was also a

symptom of some women with pulmonary oedema, which

was missed, as the wheezing was wrongly attributed to

asthma. This is a key learning point in Chapter 9. Early

referral to the obstetricians is recommended for unex-

plained symptoms of wheeze and shortness of breath.

A woman who smoked presented to the ED with chest pain

and breathlessness some weeks after delivery. Acute coro-

nary syndrome was not considered in the differential diag-

nosis, possibly in view of a normal electrocardiogram

(ECG), her age and the quality of the pain. Serial ECGs

and Troponin were not requested and, even though the

working diagnosis was pulmonary embolus, a V/Q scan was

not performed either. She was discharged from the Clinical

Decision Unit and died shortly afterwards.

Cardiorespiratory disease: learning
point

Wheeze can also mean cardiac disease.

In general, as with all other women, abnormal physical

findings in pregnant or recently delivered women should

not be ignored. A cause and source must be found to

explain all of these before discharge from the ED.

Domestic abuse
The ED is a clinical area where many women present hav-

ing been subject to domestic abuse. Repeated attendances

with apparently trivial conditions should arouse suspicion,

as should an inconsistent or variable history. This subject,

including the use of open questioning, is discussed in the

Annex to Chapter 12 of this Report.

All clinicians, especially those working in the ED, must

be trained in recognising undisclosed domestic abuse and

understand how to offer to help the woman if she is not

admitted. They should also appreciate the increased risk

of domestic abuse for pregnant and recently delivered

women.

Domestic abuse: learning point

Women are at increased risk of domestic abuse in preg-

nancy.

Women who frequently attend the ED with minor inju-

ries or apparently trivial complaints should be discussed

with their GP and midwife because these are classic

signs of domestic abuse.

Training
It is increasingly recognised that in secondary care there is

much subspecialisation. The only true hospital generalists

are emergency medicine clinicians. It is a huge challenge to

include teaching on all possible presenting complaints that

may come to EDs.

Emergency physicians need to be able to recognise a sick

woman, pregnant or not. They also need to understand the

main presenting features of pregnancy-related illness, how

to resuscitate a pregnant woman and carry out caesarean

section, if necessary. One of the most important things

about teaching in EDs is its multidisciplinary nature, and

certainly nurses and nurse practitioners are highly valued

in this environment. In addition, there have to be robust

measures to ensure that locum and agency staff can recog-

nise sick women, use the appropriate IT systems and

adhere to the highest clinical governance rules.

Service provision

Staffing
In addition to providing excellent training and teaching,

ED consultants bring high-level senior decision-making

skills to their departments. The College of Emergency Med-

icine has recently recommended a minimum of ten whole-

time-equivalent consultants in each Department, and this

will allow for extended hours of consultant shop-floor pres-

ence 7 days a week.5 However, to ensure 24-hour consul-

tant presence, the need is a minimum of 18 whole-time-

equivalent consultants. This is rare in the UK. Some

departments have 24-hour middle grade cover. It is crucial

that the junior doctors and nurses know who to call, how

to call and when to call if they are concerned about a

woman in their care.

All EDs should have protocols to ensure that certain

groups of pregnant women are always seen by an obstetri-

cian. These may include women in any trimester with spec-

ified symptoms, those in active labour and those who are

clearly unwell.

The delivery suite can be some distance from the ED,

and, although obstetric consultants may be available on the

labour ward, it is unusual to see an obstetric consultant in

the ED unless a peri-mortem caesarean section is being car-

ried out. Hence, EDs rely on the middle grade cover that

their obstetric unit can provide. This can be problematic in

a busy obstetric unit, especially if they are simultaneously

supposed to be in the delivery suite and on-call.

Isolated stand-alone obstetric units are unpopular with

ED clinicians, who believe that safe and high-quality care is

optimised by co-location of specialties. This may not

always be applicable for historical, organisational and cul-

tural reasons.
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Transfers
When the obstetric unit is geographically separate from the

ED, the woman will need to be transferred at some stage.

There is no doubt that the safest environment for the

woman who needs resuscitation, either pregnant or non-

pregnant, is the resuscitation room of a well-staffed ED.

Junior obstetricians may have fewer general resuscitation

skills than clinicians in the ED.

Tragedies do occasionally occur when a woman is trans-

ferred inappropriately. There is no point in transferring a

woman from a general ED to a specialist ward where either

there will be a delay in being seen or she will be seen by

someone less senior. It is much more important to keep

her in the ED resuscitation room and have a specialist

obstetrician come to her. It is also crucial that paramedic

crews know where to take pregnant women on arrival at

hospital and also to alert the hospital to the incoming

patient wherever possible.

Equipment
A number of the cases reviewed suggested that either the

wrong equipment was present, not enough equipment was

present or that the multidisciplinary team were not well

versed in the use of the equipment in the resuscitation

room. There is no point in having resuscitation equipment

that is unfamiliar, out of date or difficult to use, and this is

a failure of the system which can be easily overcome by

meticulous checking. The obstetric team and the ED team

should agree on the equipment which is required, and this

should be maintained at all times. In addition, any member

of the multidisciplinary team who is going to use the

equipment should be trained in its use.

Conclusions

Many of the maternal deaths that occurred in the ED were

unavoidable or untreatable, even with the best of care.

These were the result of sudden catastrophic cerebral

haemorrhage, massive pulmonary embolism or sudden car-

diac collapse. However, some other mothers had treatable

conditions, the early recognition of which was crucial to

the outcome.

Over the past 6 years, since these Reports have involved

the specialty of Emergency Medicine, it has become

increasingly clear that emergency medicine clinicians need

to be trained in the identification and management of

obstetric emergencies and to understand the physiological

differences in pregnant women and how these interact with

disease processes. They should also have greater knowledge

of obstetric medicine. In addition, protocols should be

developed, understood and acted on to enable clear lines of

referral to senior clinicians, both in their specialty and that

of obstetrics. And, to learn from past mistakes, all serious

incidents should be reviewed by the whole ED staff on a

regular basis. ED staff should also participate in audit and

research and organise or attend not only their own but also

the obstetric department mortality and morbidity meetings

if involved in the case. All of these measures will improve

the clinical practice of Emergency Medicine still further.
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Critical care: specific recommendations

• Early protocol-driven care should be adopted in the management of severe sepsis.

• The management of severe obstetric haemorrhage is complex and requires multidisciplinary input. Guidelines for the

rate and composition of fluid administration should be reviewed.

• Simulation training should be explored further as a method of improving performance in the management of life-

threatening emergencies.

Introduction

Over half of the all the woman who die each triennium

spend some time in a critical care unit, and many of those

will die there. Critical care makes advances year on year;

some of these really only applicable to critical care medi-

cine itself, while others are much more widely applicable

and should be adopted in the management of a variety of

life-threatening illnesses in mothers.

Critical care is, however, good at being critical ‘of’ care

provided to patients before admission. This may be appro-

priate, and examples of substandard care are regrettably

not hard to find. It must, however, be cautious; much of

the criticism is delivered with hindsight and is directed

only at patients who, almost by definition, have failed con-

ventional treatment. Seldom, if ever, does critical care look

at patients who, despite being very sick on the ward, have

made a recovery.

Critical care units are also a very privileged clinical envi-

ronment; few clinical areas can achieve the 1:1 ratio of

highly trained nursing staff to patients that level III care

provides. Critical care must therefore recognise the limita-

tions that inevitably restrict the care that can be provided

to sick mothers on the ward. Early referral and involve-

ment of senior staff from medicine, surgery, anaesthesia,

critical care and other specialties is essential, and there is

much that still can be done to improve maternal survival.

A recent survey by the Intensive Care National Audit and

Research Centre1 shows that 11.4% of all women aged

between 16 and 50 years admitted to critical care were

obstetric patients; over 80% were reported as ‘recently’

pregnant rather than ‘currently’ pregnant. Just under two-

thirds of obstetric patients were admitted for obstetric

reasons. Nearly 90% of ‘currently’ pregnant women were

admitted for non-obstetric reasons, 20% of these with

pneumonia. The most common pregnancy-related diagno-

sis was haemorrhage, which was the reason for 34% of

such admissions. The survey confirms previous findings

that overall obstetric patients admitted to critical care

have a much lower mortality than matched controls.

In slight contrast to critical care chapters in previous

Reports, this one selects some of the greatest challenges fac-

ing those caring for acutely sick mothers and explores how

advances in critical care can be more generally applied.

Sepsis
Sepsis has, for the first time, become the leading cause of

Direct maternal deaths and remains an important cause of

deaths in critical care outside obstetrics. This raises several

important questions. Does pregnancy have a particular

impact on the susceptibility to severe sepsis? If severe sepsis

occurs, then does pregnancy influence the chances of sur-

vival? Can pregnancy mask the signs of impending sepsis

and so lead to delays in diagnosis and treatment? Or is it
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simply the case that severe sepsis has a high mortality

whether associated with pregnancy or not?

A survey of critical care admissions between 1995 and 2000

conducted by the Intensive Care National Audit and

Research Centre recorded 21 000 people with sepsis admit-

ted to critical care units each year with a mortality rate of

between 30 and 50%. This figure continues to rise, and

estimates of over 35 000 cases a year in 2009 and 2010 have

been proposed. In the USA, it is estimated that there will

be 934 000 new cases of sepsis in 2010. The estimated inci-

dence of bacteraemia in obstetric patients in the USA has

been quoted as around 7.5 per 1000, with approximately

8–10% of these going on to develop sepsis. The incidence

of septic shock, again from US figures, is quoted at 2.3 per

100 000 maternities.2 The maternal mortality rate from

sepsis in 2006–08 is 1.13 per 100 000 maternities (95% CI

0.77–1.67), as discussed in Chapter 7. For example:

A previously fit young mother had a normal vaginal deliv-

ery at term. She presented a few days later to her GP with

a sore and cracked nipple and was pyrexial and had a

tachycardia. She was prescribed oral flucloxacillin but

required admission to a gynaecology ward tachycardic and

hypotensive. She was given intravenous co-amoxiclav and

metronidazole, but hours later she collapsed very hypoten-

sive and tachycardic. A few hours after that, she was

admitted to the critical care unit and required endotracheal

intubation. Following extensive surgery, including a mastec-

tomy, she developed renal failure, acute respiratory distress

syndrome (ARDS) and was heavily vasopressor dependent.

She died some days later having had maximal critical care

treatment. Subsequent cultures grew Group A b-haemolytic

streptococcus.

The majority of sepsis seen in an obstetric population is

bacterial and typically from organisms sensitive to widely

available antibiotics. (Although penicillin would have been

a better choice in the case above, the organism was almost

certainly sensitive to co-amoxiclav). Why, then, does sepsis

present such a challenge to modern critical care both for

obstetric and non-obstetric admissions? Answering this

requires some exploration of both what is meant by sepsis

and the complex pathophysiology associated with the more

severe forms. This is necessarily a brief overview, and the

whole subject is one of rapidly changing theories as

research continues.

Over the last 20 years, our understanding of sepsis has been

helped by a clearer definition of the various stages encoun-

tered as the disease progresses.3 Bacteraemia occurs when

viable bacteria are present in the blood stream (fungaemia

or viraemia may be alternatives); this progresses to a

Systemic Inflammatory Response Syndrome (SIRS) when

the host mounts an acute inflammatory response. Sepsis per

se occurs when SIRS is present along with an identifiable

pathogenic organism. Sepsis progresses to Severe Sepsis

when organ dysfunction, hypoperfusion or hypotension is

present. Finally, the most severe form of sepsis, Septic

Shock, is defined as sepsis with refractory arterial hypoten-

sion despite adequate fluid resuscitation.

SIRS is defined as the presence of two or more of the fol-

lowing:

• body temperature <36�C or >38�C

• heart rate >90 beats per minute

• respiratory rate >20 breaths per minute

• white blood cell count <4 · 109 cells/l or

>12 · 109 cells/l in nonpregnant patients

The speed and intensity of progression through the various

stages is determined by a complex balance between the vir-

ulence and pathogenicity of the infecting organisms, the

nature of the host inflammatory response, co-existing clini-

cal conditions (which must include pregnancy), age and

the polymorphism in immune effector molecules and their

receptors.

In bacterial sepsis, cell wall components of Gram-positive

bacteria and components of outer cell membranes in

Gram-negative bacteria (lipopolysaccharides) bind to car-

rier proteins, which in turn bind to monocyte receptors

(CD14/TLR4/MD2 complex). This leads to transcription of

pro-inflammatory genes and to the subsequent secretion of

pro-inflammatory cytokines such as tumour necrosis fac-

tor-a (TNF-a) and interleukin-6 (IL-6).

Cytokines have a wide range of effects on cells and phys-

iological processes. The TNF-a is a potent chemoattractant

for neutrophils, helping them to stick to endothelial cells

(already upregulated in sepsis) to aid migration; it also

stimulates the liver to an acute-phase response with

increased C-reactive protein production. TNF-a also has

effects on the clotting cascade and downregulates the endo-

thelial expression of thrombomodulin, which in turn leads

to a reduction in activated protein C (a naturally occurring

anticoagulant). The net effect is procoagulant and leads to

the formation of microvascular clots, cell damage and dis-

ruption of mitochondrial function.

Given the unpleasant and widespread nature of such a

cytokine ‘storm’, it is perhaps not surprising that almost all

the organ systems are affected to a greater or lesser extent.

Cardiovascular
In mild or early sepsis, the cardiovascular changes are

very similar to those seen later in pregnancy and in the

early puerperium with a rise in heart rate and cardiac

output and a modest fall in systemic vascular resistance.

As sepsis becomes severe, there is a loss of vasomotor

tone as large amounts of nitric oxide are produced from

the upregulation of the inducible form of nitric oxide

synthase. Myocardial depression also occurs with a reduc-

tion in both right and left ventricular ejection fractions
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and ventricular dilatation; this, combined with a fall in

preload secondary to vasodilatation, can lead to dramatic

falls in cardiac output in severe sepsis. The damage to the

microcirculation probably combines with a direct toxic

effect from higher oxides of nitrogen to seriously impair

mitochondrial function, with a metabolic and lactic acido-

sis as the result.

Respiratory
The adhesion of neutrophils to the pulmonary capillary

endothelium increases permeability and leads to interstitial

oedema and an increase in extravascular lung water. Preg-

nancy is known to reduce the colloid oncotic pressure of

blood, and this will further exacerbate the leakage of fluid

from the circulation. The effect of the oedema is to pro-

duce alveolar collapse leading to V:Q mismatch from intra-

pulmonary shunting and subsequent arterial hypoxaemia.

This process is commonly termed Acute Respiratory Dis-

tress Syndrome and, when severe in its own right, has a

mortality of between 30 and 60%.

Renal
Acute renal failure is present in over 20% of patients with

severe sepsis and in almost all patients with septic shock.

The cause is usually attributed to acute tubular necrosis

secondary to renal hypoperfusion combined with increased

renal sympathetic activity and cytokine mediated renal cell

injury. Recently, the role of acute tubular necrosis has been

questioned; what is without doubt is that renal failure is

common in severe sepsis.

Clotting
Thrombocytopenia and a consumptive coagulopathy are

common in severe sepsis but are counterbalanced by the

hyper-coagulable state described above. The overall result is

a picture of disseminated intravascular coagulation (DIC).

Treatment of maternal sepsis

The increasing use of modified early obstetric warning

scoring systems (MEOWs) and collaboration between out-

reach and maternity teams will go some way to improving

earlier detection, although this remains a challenge for both

obstetric and non-obstetric patients. The complex and

widespread effects of sepsis described above hopefully go

some way to explain why effective treatments have proved

so elusive. The concept of ‘Care Bundles’ was mentioned

briefly in the previous report with a description of the Sur-

viving Sepsis Campaign (http://www.survivingsepsis.org).4

This remains the best evidenced package of treatment for

sepsis, but, despite its relative simplicity, uptake has been

slow. As is apparent from the more detailed description

below, time is of the essence in initiating treatment, and

the early stages should start before admission to critical

care. Clinical staff caring for mothers who demonstrate the

signs of sepsis should be aware of the recommended steps

and should be able to start treatment. Early and prompt

referral to critical care is paramount, and patient manage-

ment should be discussed at a senior clinical level even if

immediate admission is either not yet required or impossi-

ble because of bed availability.

The details and the evidence supporting the Surviving

Sepsis Campaign were extensively reviewed in 2008, and

International guidelines for the management of severe sep-

sis and septic shock derived from a consensus approach

were described in detail.5

There is increasing evidence that early protocol-based

resuscitation improves outcome;6 the currently recom-

mended steps are listed below and should be initiated when

the diagnosis of severe sepsis or septic shock has been

made, or is strongly suspected.

Here septic shock is defined as tissue hypoperfusion

(hypotension persisting after initial fluid challenge or a

blood lactate concentration equal to or >4 mmol/l).

Initial resuscitation
Establish intravenous access and take bloods for culture

and lactate

• intravenous antibiotics within 1 hour

• fluid resuscitation

• call for help from Critical Care/anaesthesia early

For the first 6 hours of resuscitation, attempts should be

made to achieve all of the following goals:

• central venous pressure (CVP): 8–12 mmHg

• mean arterial pressure (MAP) ‡65 mmHg

• urine output ‡0.5 ml/kg per hour 1 central venous

(superior vena cava) or mixed venous oxygen satura-

tion ‡70 or ‡65%, respectively

• central venous (superior vena cava) or mixed venous

oxygen saturation etc

Central venous saturations are increasingly being used as

a surrogate for true mixed venous saturations sampled

from the pulmonary artery. They are easy to perform: a

sample of blood is taken from a central venous catheter

into a heparinised blood gas syringe and analysed in a

blood gas analyser. More accurate results are obtained if

the blood gas analyser incorporates a CO-oximeter rather

than calculating the saturation. The central venous satura-

tion is typically around 5% higher than the mixed venous

saturation and represents the balance between global oxy-

gen delivery and consumption. Global oxygen delivery is

the product of haemoglobin concentration, arterial satura-

tion and cardiac output. Central venous saturation

therefore gives an insight into whole body cardiovascular

status.

Chapter 16: Critical care

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 175



Diagnosis of sepsis
Take blood cultures (preferably two), ideally before the first

dose of antibiotics is given, provided that this does not

delay antibiotic administration.

Take cultures from other sites such as vaginal swabs,

urine, cerebrospinal fluid, wounds, respiratory secretions,

or other body fluids that may be the source of infection

before antibiotic therapy, again provided that this does not

delay antibiotic administration.

Appropriate imaging should be arranged as early as pos-

sible; this may include chest X-rays, ultrasound and com-

puted tomography as appropriate.

Rapid antigen detection tests for urine are available for a

number of bacteria and have been described for group A

b-haemolytic streptococcus. These may prove useful in

adjusting antibiotic therapy in the future, but treatment

should not be delayed for test results to be available.

Antibiotic therapy
Intravenous antibiotic therapy should be started as early as

possible and certainly within the first hour of recognition

of septic shock or severe sepsis without septic shock. As

described above, appropriate cultures should be obtained

before giving antibiotics, if possible, but should not delay

administration. Microbiology input should be sought as a

matter of urgency, and antibiotic regimens should be

adjusted as advised.

Source control
Identifying and removing the source of the sepsis is a pri-

ority and ideally should be achieved within 6 hours of pre-

sentation. The genital tract is clearly an important site

during pregnancy and the puerperium, but other sites such

as chest or intra-abdominal area may be culprits. Line-

related sepsis is an important source in patients already in

critical care units.

Fluid therapy
There is no evidence to support the use of a particular type

of fluid in the resuscitation of sepsis (with the exception of

dextrose solutions, which should not be used). Several

studies have failed to show significant differences between

crystalloid solutions (Hartmann’s solution, saline solutions

etc.) and colloids (human albumin solution, starch solu-

tions, gelatin solutions, etc.). Concerns have been raised

about the effects of starch solutions on renal function, and

crystalloid solutions are universally cheaper.

Intravenous fluids should be given rapidly to achieve a

target central venous pressure of at least 8 mmHg

(12 mmHg in ventilated patients). Infusion rates of at

least 1000 ml of crystalloid or 300–500 ml of colloids

should be given over 30 minutes and continued provided

there is haemodynamic improvement. In the event that

the central venous pressure (or pulmonary capillary wedge

pressure, if measured) increases without significant haemo-

dynamic improvement, then fluid administration should

be slowed.

Vasopressors
In many sick patients, the target mean arterial pressure of

‡65 mmHg cannot be achieved by fluid infusion alone,

probably because of the extensive collapse in vascular tone

caused by nitric oxide release. Noradrenaline or dopamine

should be used as soon as central venous access has been

established. (As a guide, diluting 4 mg of noradrenaline to

50 ml with 5% dextrose and starting at an infusion rate of

5 ml/hour is equivalent to 0.1 lg/kg per minute in a 63-kg

woman and is a reasonable starting point. Similarly, dilut-

ing 200 mg of dopamine to 50 ml and starting at 5 ml/

hour is equivalent to 5 lg/kg per minute in a 63-kg

woman).

Inotropes
Dobutamine is recommended as the inotrope of choice

where there is evidence of a reduced cardiac output in the

presence of elevated cardiac filling pressures. There is no

evidence to support the practice of trying to increase the

cardiac index to supranormal levels.

Corticosteroids
The use of high-dose corticosteroid therapy no longer has

a place in the management of sepsis, however severe. There

is, however, some evidence to support the use of low-dose

(<300 mg/day hydrocortisone) treatment in septic women

who are unresponsive to fluid and vasopressors. Therapy

should be weaned off as soon as vasopressors are no longer

required.

Recombinant human activated protein C
The role of giving activated protein C in sepsis to address

the reduction from the downregulation of the endothelial

expression of thrombomodulin has been extensively investi-

gated by large randomised controlled trials. The current rec-

ommendations are that it should be reserved for patients

with a high risk of death (Acute Physiology and Chronic

Health Evaluation II [APACHE II] scores of ‡25). The risks

of bleeding outweigh its benefits in less seriously ill groups

and are of particular concern in postoperative sepsis.

Blood products
What evidence there is supports keeping the haemoglobin

between 7 and 9 g/dl. Platelets should be administered to

keep the count above 5 · 109/l at all times, at 5–30 · 109/l

if there is a significant risk of bleeding and at ‡50 · 109/l if

surgery is required. There is no evidence to support the use

of fresh frozen plasma in the absence of bleeding.
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Respiratory support
Acute lung injury (ALI) or ARDS are commonly present in

patients with severe sepsis. Because they are also features of

several other conditions that bring mothers to critical care,

they are dealt with in a separate section.

Glucose control
Considerable excitement resulted from the publication in

2001 of an apparent reduction in mortality in surgical criti-

cal care patients following tight glucose control by insulin

infusions. Subsequent studies have not found such an effect

and indeed have shown a significant rise in hypoglycaemic

episodes in patient with tight glycaemic control. Currently,

maintaining levels between 6 and 8 mmol/l is widely prac-

ticed.

The guidelines also contain advice about renal replace-

ment therapy, stress ulcer prophylaxis, prevention of deep

vein thrombosis and selective decontamination of the gas-

trointestinal tract. These, however, are part of longer-term

critical care management and so are not discussed in detail.

Many of the above treatment steps can be carried out

before admission to critical care; all could be carried out in

the emergency department, an obstetric high-dependency

unit or in the operating theatre. Time is of the essence: the

2005 SSC guidelines estimated that each hour’s delay in

appropriate antibiotic administration reduces the chance of

survival by 7.9%.

Exactly what the future holds for the management of

sepsis in mothers is unclear; research into trying to block

or impede the cytokine storm at several points, including

anti-TNF-a drugs and Toll-like receptor 4 antagonists, con-

tinues. In what may be a permanent absence of ‘wonder’

drugs, doing relatively simple things well and promptly will

save lives.

Acute respiratory syndrome

The development of ARDS is a feature of many of the

mothers admitted to critical care. ARDS is another complex

condition that is most easily described as the lungs’

response to systemic inflammation. The changes seen in

severe maternal sepsis have been described above,

but ARDS can also be a consequence of major haemorrhage,

blood product administration and amniotic fluid embolus.

The essentials of management remain the removal of the

triggering factor(s) and supportive treatments principally

centred around mechanical ventilation. ARDS and its less

severe form acute lung injury are now well defined. They

are both diseases with an acute onset, bilateral infiltrates on

chest X-ray, typically with sparing of the costophrenic

angles, and either a capillary wedge pressure of <18 mmHg

or other evidence of good cardiac function. If the PaO2:-

FiO2 ratio is <40 kPa (300 mmHg), then acute lung

infection is present; if the PaO2:FiO2 ratio is <26.7 kPa

(200 mmHg), then ARDS is diagnosed.

Pulmonary oedema from capillary endothelial damage

occurs as described above and is accompanied by dysfunc-

tion of type II alveolar epithelial cells with a concomitant

reduction in surfactant production. The extent of the

development of pulmonary fibrosis is a variable feature

and, unlike other forms of pulmonary fibrosis, appears to

be largely reversible.

Eradication of secondary pulmonary sepsis is essential

but can be challenging, and the major changes of the last

few years have centred around reducing the damage

caused by mechanical ventilation. The use of lower tidal

volumes, careful recruitment manoeuvres, high frequency

oscillation and a resurgence of interest in extracorporeal

support are all under investigation. As with sepsis, preg-

nancy has been an exclusion criterion for most of the

ARDS trials, including the important National Institutes

of Health (NIH) study from the USA,7 which led to the

adoption of the 6 ml/kg tidal volume. The reduction in

chest wall compliance seen in late pregnancy has led to

the suggestion that higher airway pressures may be better

tolerated, but, as the reduction in compliance has pulmo-

nary components as well, it seems safer to err on the

side of caution and adopt the same tidal volumes as for

non-pregnant patients.

Many patients requiring prolonged ventilation will have

a tracheostomy performed during their critical care stay,

typically performed by percutaneous dilatation; the opti-

mum timing is still undergoing considerable investigation.

Tracheostomy is not without its own hazards, however:

A young mother had a massive postpartum haemorrhage

following the removal of a retained placenta. She developed

ARDS in critical care and was managed with a range of

ventilatory strategies, including prone ventilation. Following

a trial of extubation, she had a surgical tracheostomy per-

formed on day 7: laryngeal and tracheal oedema were both

seen at this time. The following day, the tracheostomy tube

became dislodged and was replaced with difficulty, only to

be dislodged again within 24 hours. This time, not only

could the tracheostomy not be replaced but oral endotra-

cheal intubation proved impossible as well, and she died

from a hypoxic cardiac arrest.

The tragedy is all the more poignant here because it

appears that she had made an almost complete recovery

from her ARDS.

Amniotic fluid embolism

An older mother was delivered by ventouse and was apparently

well after delivery. However, she had a cardiac arrest within

half an hour and underwent cardiopulmonary resuscitation for
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pulseless electrical activity for 20 minutes, receiving both

boluses and an infusion of adrenaline. She began to bleed

torrentially and was transferred to the operating theatre where,

despite extensive transfusion, she developed a severe metabolic

acidosis and disseminated intravascular coagulation. A trans-

oesophageal echocardiogram showed good right ventricular

function, and she was transferred to the critical care unit.

Despite external iliac balloon occlusion, it proved impossible to

control the bleeding, and she died. Post-mortem examination

confirmed the diagnosis of amniotic fluid embolism (AFE) and

disseminated intravascular coagulation.

Although rare, AFE is of interest to the critical care

community because it contains many of the features com-

mon to other acute life-threatening illnesses. The incidence

quoted for AFE varies greatly, and figures between 1.2 and

12.5 per 100 000 maternities come out of the USA. The

UK figure for this triennium is close to 2 per 100 000

maternities. Case fatality rates vary between 61 and 86% in

the US literature, 34% being the figure from the UK in

this report.

Typically, AFE presents with acute shortness of breath fol-

lowed by cardiovascular collapse, so making the alternative

diagnosis of massive pulmonary embolus a common one.

There appears to be an acute ventilation–perfusion mismatch

with subsequent hypoxaemia presumed secondary to the em-

bolisation of material into the lungs. The respiratory effects

are accompanied by an acute reduction in left ventricular

function, often accompanied by cardiac arrhythmias. Animal

models show a transient rise in pulmonary artery pressures

followed by severe left ventricular dysfunction. This is in

contrast to massive pulmonary embolus where the right ven-

tricle is primarily affected. Isolated human case reports have

described acute right ventricular dysfunction as well. If the

mother survives the acute phase, then a condition similar to

severe sepsis ensues with an elevated cardiac output and

hypotension from a loss of vasomotor tone. Disseminated

intravascular coagulation is present in up to 83% of cases

and undoubtedly played a major role in the death of the

mother described above. Convulsions are also seen in the

acute phase of the illness.

The condition, then, has features of both anaphylaxis

and severe sepsis. Why this may be is still unclear, but ara-

chidonic acid metabolites are present in amniotic fluid and

may be the culprits.

Haemorrhage

Major obstetric haemorrhage (>1000 ml) occurs in approx-

imately 40 per 100 000 births in the UK, but the mortality

has fallen to just over 0.35 per 100 000 maternities (95%

CI 0.17–0.70), as discussed in Chapter 4. This success is

most likely to be a result of better multidisciplinary care,

better surgical intervention and the introduction of inter-

ventional radiology. Despite this, the management of the

acute and serious bleed remains a concern:

A mother had a normal vaginal delivery complicated by a

retained placenta. She had the placenta removed in the oper-

ating theatre under spinal anaesthesia, followed by brisk vagi-

nal bleeding. She returned to theatre for a second

examination, followed by a laparotomy under general anaes-

thesia. Eventually a hysterectomy was performed, the whole

procedure lasting more than 3½ hours. During the procedure,

she received 3.5 l gelatine-based colloids, 1 l starch-based col-

loids, 10 units of re-suspended red cells, 2.8 l of crystalloids

and 10 units of fresh frozen plasma (FFP). At the end of the

operation, her blood results showed: haemoglobin 5.0 g/dl,

ionised calcium 0.87 mmol/l, Base excess )4.6 mmol/l, Inter-

national Normalised Ratio (INR) 5.5; her platelet count is

not recorded. She went on to develop ARDS which largely

resolved. She died from airway obstruction after displacement

of her tracheostomy (described above).

Her low haemoglobin would suggest that either the

blood loss had been underestimated or that some difficulty

had been experienced in obtaining red cells. The Interna-

tional Normalised Ratio of 5.5 demonstrates just how

much FFP is required to correct the dilutional coagulopa-

thy that inevitably occurs when such large amounts of syn-

thetic colloids and crystalloid are given. No mention is

made of her platelet count: if platelets had not been given,

then this will have fallen precipitously as well.

In November 2009, the Royal College of Obstetricians

and Gynaecologists published a revised Green-top Guide-

line8 on the prevention and management of postpartum

haemorrhage. This proposes a useful division of major

haemorrhage into moderate (1000–2000 ml) and severe

(>2000 ml). The guideline also stresses the importance

of obtaining senior obstetric and anaesthetic help early,

as well as communication with blood transfusion and

portering.

The guideline also supports a structured approach to

resuscitation and the need to obtain good intravenous

access quickly while at the same time cross-matching

blood. The recommendation to cross-match just 4 units

initially is adequate for a major haemorrhage that is rapidly

controlled but will be inadequate for the magnitude of

bleeds typically reported to the Confidential Enquiry.

Blood can be cross-matched very quickly with modern

technology, particularly if the patient’s blood group is

already known (as it typically is), but significant delays can

be introduced during transport. The best approach is to be

asking for what will be required in 45 minutes time; you

should already have what you need now!

The guideline also recommends the widely accepted pro-

cedure of giving up to 3.5 l warmed crystalloid followed by

a maximum of 1.5 l warmed colloid if blood is still not
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available. Even taking account of the increase in blood vol-

ume at term pregnancy by up to 50%, 5 l ‘clear’ fluids will

produce extreme haemodilution (haemoglobin <2 g/dl), a

dilutional coagulopathy and thrombocytopenia. The whole

subject of fluid resuscitation during major haemorrhage

continues to be controversial. The concept of ‘hypotensive

resuscitation’ has been widely accepted in trauma but less

so for other causes of major haemorrhage.

Fluid resuscitation in major haemorrhage should take

into account an understanding of the physiological

processes involved.

The body’s natural response to blood loss includes a rise

in heart rate, a fall in blood pressure and vasoconstriction

with diversion of cardiac output to vital organs. Clearly if

the blood pressure is allowed to fall too low, then organ

damage will result, but it is certainly unnecessary to restore

blood pressure levels to normal to prevent this. Indeed,

doing so will simply cause further bleeding unless the

source of the bleeding has been controlled. Stopping the

bleeding must therefore always be the priority once the cir-

culation has been restored to life-sustaining levels. The

National Institute for Health and Clinical Excellence guide-

lines for fluid resuscitation in trauma define this as the

presence of a radial pulse.9 Equally important is the under-

standing that fluid in the sucker bottle and on the swabs is

whole blood whereas the ‘blood’ being transfused is simply

a suspension of red cells in saline. FFP, cryoprecipitate and

platelets will all be needed to restore coagulation in severe

haemorrhage. The mother who is bleeding is losing whole

blood; we no longer have fresh whole blood to give back

and so must instead give back a suitable mix of compo-

nents if oxygen-carrying capacity and coagulation are to be

maintained. The move towards 1:1 red cells, FFP transfu-

sion both in the battle field and when massive transfusion

is expected, is a significant advance.

Our haematology colleagues are correctly protective of

blood products, because they are a finite and valuable

resource; however, preventing further whole blood loss

from extreme coagulopathy will reduce the overall usage of

blood products. Perhaps we should stop calling re-sus-

pended red cells ‘blood’?

Simulation

Simulation training in a variety of forms has been men-

tioned in previous Reports, so why discuss it again? It is

without doubt that simulation training is on the increase

across multiple specialties; most, if not all, medical students

have been exposed to more or less sophisticated simulation

during their training and increasingly it is being used in

the training of junior doctors. The word ‘simulation’ covers

a large range of very different activities, from ‘skills &

drills’ (Basic Life Support being a good example) right

through to very complex multidisciplinary team training in

purpose-built simulation suites. Very high levels of realism

can be achieved with high fidelity simulators, and the

extensive use of de-briefing is commonplace.

The detractors from simulation ask for level 1 evidence

that it improves clinical performance and saves lives; there

is little to say in reply. One suspects, though, that the gen-

eral public will need less convincing; the proposal that we

should all demonstrate proficiency in managing rare but

life-threatening emergencies relevant to our clinical practice

would seem to require little justification.

The expense of building and maintaining purpose-built

simulation facilities is considerable, and, more recently, a

new generation of medium-fidelity manikins have been

developed. These are highly transportable and make the

prospect of delivering simulation training in existing clini-

cal facilities much more feasible. As all the professional

bodies make the standards they expect their members to

perform clearer, and revalidation for doctors has now

arrived, there are opportunities to influence the minimum

standards to which all staff should perform.

Conclusions

Mothers still die every year in this country. Some die

despite having received the very best care we can offer;

some could no doubt have been saved if the care they

received had been delivered more promptly, in a more

structured fashion and by better trained staff. There is evi-

dence that some of the lessons from previous enquiries

have been put into practice, the use of the MEOWS charts

and outreach teams being good examples. There remain,

however, many significant challenges, the management of

severe sepsis and severe postpartum haemorrhage to name

just two.

There are lessons to be learnt from advances in critical

care medicine by caring for all mothers; in particular, the

delivery of protocol-driven treatment for life-threatening

illnesses can save lives but frequently needs to be started

before admission to a critical care unit.
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Pathology: specific recommendations

• The standard of the maternal autopsy must be improved. The number of locations where they are performed should

be reduced, with specialist pathologists taking them on as part of agreed job plans. More clinical discretion over

reporting maternal deaths to coroners is required, and there should be a complementary major input by clinicians

into obtaining more consented hospital autopsies.

Introduction

The Royal Colleges of Obstetricians and Gynaecologists and

of Pathologists both recommend that an autopsy be per-

formed on as many maternal deaths as possible to learn

from the results.

In this triennial report, the discussion of the pathology of

maternal death and autopsy issues is presented in a new for-

mat. This chapter gives a generic overview of the issues and

problems in providing optimum accounts, from the autopsy

process, of what happened when a mother died. The pathol-

ogy of maternal deaths may be varied but is not especially

difficult, and even those with minimal experience in this

area could produce a good quality report by following the

Royal College of Pathologists guidelines. These have just

been updated and are available online1 but for convenience

are included in part here at Annex 17.1. Maternal death

pathology has also been recently reviewed.2,3

The specific conditions of maternal morbidity and mor-

tality that are presented in the earlier chapters on Direct

and Indirect maternal deaths now have their own accompa-

nying pathological commentaries and pathological learning

points. These focus on the autopsy evaluation and changing

concepts of the clinical pathology and epidemiology. In par-

ticular, there are advances in the consideration of two

numerically increasing clinical pathologies: deaths from sep-

sis, and deaths from cardiac disease. They receive a more

detailed consideration than hitherto in these Reports, and

for sepsis, a new pathogenetic classification is presented to

stimulate new thinking on how these deaths might be pre-

vented. This is annexed to Chapter 7.

Cases reviewed

There were autopsies on 221 of the 261 (85%) Direct and

Indirect deaths that occurred in this 3-year period for 2006–

08. The pathology assessors have reviewed the Centre for

Maternal and Child Enquiries (CMACE) case files, the sum-

maries of the regional pathology assessors and the other

clinical assessors and the autopsy reports, with the intent to

determine the precise cause of death and the events that led

to the death. In a minority of cases, this involves disagreeing

with the diagnosis presented by the original pathologist and

concluding that a different cause of death was definitely rel-

evant or more likely. In nine cases, we concluded that the

cause of death is unascertained and so cannot be categorised

with certainty into any of the sections of this report except

as ‘Unresolved deaths’.

Such failures of the autopsy diagnostic process are regret-

table. Some follow from dreadfully inadequate autopsies

where not even the simplest observations and consideration

of events have been made and presented in the autopsy

report. But there are also cases where the scenario of death is

unclear and the clinical pathology is evidently difficult to

evaluate, and, despite doing an overall good job, the patholo-

gist has failed to test for or exclude a specific critical diagno-

sis that could alter the whole view of the case. For example:

A woman with type 2 diabetes was started on insulin in her

second trimester when her blood pressure was 145/
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95 mmHg. This was not checked over the next few weeks,

and there was no testing for proteinuria. She died suddenly

at home: a bitten tongue and subcutaneous oedema were the

only findings at autopsy, but no toxicology or biochemical

analyses were performed and there was no search for pre-

eclampsia or eclampsia on histology. The cause of death was

given as unascertained.

The medico-legal autopsy

The great majority of maternal death autopsies are

performed under the instruction of a coroner (England,

Wales and Northern Ireland) or Procurator Fiscal

(Scotland). In this triennium, only 10% were consented

autopsies where the only intent is to provide a full

explanation of the death, rather than satisfy a more

limited medico-legal inquiry.

Under current coronial legislation and regulations, a

death is reported to a coroner when it is suspected to be

unnatural (which includes iatrogenic factors), occurs in

custody or a doctor cannot compose a medical certificate

of cause of death ‘to the best of his knowledge and belief’,

that is the cause of death is not known. If the cause of

death is ‘natural’, as most maternal deaths are, then it is

not a legal requirement of the current coronial system that

the autopsy cause of death be accurate and true. And it is

not an expectation that such autopsy reports will be scruti-

nised in detail by numerous peers, as occurs in these

CMACE triennial reviews.

Another factor that militates against universal good prac-

tice is the enhanced coronial control over tissue sampling

and other analyses that take place after the gross autopsy.

The events of Alder Hey and Bristol at the turn of the mil-

lennium led to the subsequent Human Tissue Act 20044 and

the institution of the Human Tissue Authority (in 2006)5

with its compendious regulations on the working of the

post-mortem sector. As a result, there has been documented

increasing pressure on pathologists not to take tissue sam-

ples from dead people. That said, it is gratifying that mater-

nal autopsies defy that trend: the proportion of medico-

legal autopsies on Direct and Indirect maternal deaths that

had at least some histopathology performed was 191 of 219

(87%)—and in Scotland, the sampling rate was 100%.

These are significantly greater than the overall 19% rate

documented by the National Confidential Enquiry into

Patient Outcome and Death for all coronial autopsies sam-

pled in England and Wales in 2005.6

Another adverse factor that could affect the assessment

is a long delay between death and the autopsy. In seven

of the Direct deaths (9%), there was a delay of 4 days or

more. Autolysis probably adversely affected the assessment

in two deaths clinically attributed to amniotic fluid embo-

lism. In one with a 6-day delay, ‘squames’ were found

not only in pulmonary vessels but also in glomeruli. No

immunocytochemistry was performed. Because of the clin-

ical presentation, we accept that this death was the result

of amniotic fluid embolus but are concerned that a pro-

longed delay leading to misinterpretation of desquamating

endothelium can be a critical issue. In the second exam-

ple, following a 5-day delay and where the clinical diag-

nosis also was amniotic fluid embolus, macroscopically

there was a mottled liver and kidneys, and no squames

were found on routine microscopy. Unfortunately, there

was no immunocytochemical search for squames and no

renal histology. The assessors regard the cause as unascer-

tained.

Maternal autopsy quality in the past

The 5th Confidential Enquiry Report for 1997–997 was the

first of these triennial Enquiries to assess the quality of

autopsies in any great depth. It identified a high proportion

of very bad or appalling autopsy reports from the London

area, with many seemingly being conducted in public

mortuaries by forensic pathologists and, as such, isolated

from clinical information and from ready access to addi-

tional facilities such as microbiology. Since then, there has

been a steady but recently rapid improvement.8 The most

probable explanation is that most maternal death autopsies

from this area are now conducted in one hospital mortuary

by a team of pathologists, with a noticeable increase in the

quality as a consequence. The number of maternal deaths

in the UK is small: Direct, Indirect and Coincidental

together total around 150 a year, so that experience in

maternal death pathology is difficult to attain. Conse-

quently, having a small cadre of pathologists for each

region or area in the UK who are prepared to undertake

this work to a high standard would be helpful.

The Direct deaths covered all the major groups, but a

noticeable feature was the increase in deaths from sepsis

and, as noted in Chapter 2, fewer deaths from thromboem-

bolism. The reports in 18 of the 75 deaths (24%) were con-

sidered to be poor or worse, but there was a marked

increase to 61% in the good or excellent reports. The

remaining 14% of autopsies reviewed were considered ade-

quate. Across the spectrum of the different disorders, most

of the poor autopsy reports were in deaths from pulmo-

nary embolism (six of 14) and pre-eclampsia (six of 12). In

the deaths from pulmonary embolism, the most common

failings were a lack of clinico-pathological correlation and

no search for the source of the emboli in four cases each.

There were usually other deficiencies present: in two there

was no mention of the body habitus in morbidly obese

individuals, and there was even a totally inaccurate and

misleading clinical history given in one. Although not nec-

essarily a criterion for assessing the quality of the report,
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no histology was taken in any of those of poor quality. For

example:

A woman died of a massive pulmonary embolus with a his-

tory of intermittent chest pains over a period of several

weeks and recurrent vomiting that had been diagnosed as

hyperemesis. The autopsy report claimed a history of hyper-

tension although her recorded systolic pressure was

<110 mmHg. The source of the emboli was not identified,

and there was no search for evidence of previous embolic

episodes. Despite the history of hyperemesis, the brain was

not examined, although it was claimed that the pituitary

was normal, and there was no clinico-pathological correla-

tion or comment.

In another report, the pathologist described the uterus and

cervix in situ in the pelvis despite clinical data clearly stat-

ing that the woman had had an emergency hysterectomy

days earlier.

The taking of histological samples has been contentious

since the introduction of the Human Tissue Act. In this

Report, there was no histology taken in 14 of 75 (19%)

Direct deaths, suggesting that quality is adversely affected.

However, analysis of the macroscopic descriptions shows

that, even without considering the desirability of histology,

nine of these 14 cases were poor. The implication is that

the Human Tissue Act is or can be used as an excuse for

not conducting an adequate autopsy.

Maternal autopsies in the future?

The medico-legal system for England and Wales and the

process of death certification will change significantly after

the recent passing of the Coroner and Justice Act 2009. It is

likely that fewer deaths, including maternal deaths, will be

accepted for coronial autopsy, which is logical as most are

natural deaths, and in most cases there is a reasonable

understanding of how and why the mother died. The intro-

duction of Medical Examiners to scrutinise deaths will

facilitate this. And to replace those that may not have coro-

ner-instigated examinations, clinical colleagues should

request consented autopsies wherever possible. Where a co-

ronial autopsy is needed, however, the body can be taken

away to a different area for more expert examination, and

it is a recommendation that such centres of expertise be

developed nationally.

Another development will be an enhanced role for imag-

ing of cadavers, particularly with computed tomography

scans, to identify pathology related to cause of death. In

maternal death, from the nature of the possible causes, this

will probably have little impact outside consideration of

stroke, intracranial haemorrhage, aneurysm and (poten-

tially) air embolism.

Unresolved cases

In the great majority of the maternal deaths where clinical

and autopsy pathology information is available, there was

Table 17.1. Maternal deaths where the cause of death was unascertained

Death scenario Possible CODs Problem Autopsy quality

One week of rapid cerebral

function decline

Encephalopathy Normal brain Satisfactory

Found dead at home Sepsis, SADS, anaphylaxis MCT not evaluated, no sepsis

screen

Incomplete, but

mainly Satisfactory

Collapse at home Ileus, peritonitis Description of abdominal organs

poor, no micro-biology

Poor

Collapse at home Sepsis, SADS No positive conclusion Satisfactory

HIE after caesarean section Pneumonia, a collapse

of unknown cause

Case records incomplete; died

2–3 weeks after collapse

Satisfactory

Diabetic, died suddenly at home,

pre-delivery

PET, SADS, AFE No histology done, no sepsis

screen

Poor

Diabetic, collapse after

caesarean section

Diabetes, LVH, obesity, PET,

sepsis, myocarditis

Minimal histology, no sepsis

screen, no thinking

Appalling

(forensic pathologist)

Found dead during labour Drowning, SADS, epilepsy Previous episodes of ‘absence’

never firmly diagnosed as

epilepsy or cardiac

Satisfactory

Sudden collapse after caesarean

section

Sepsis, SADS, AFE Poor histopathology

interpretation, no sepsis screen

Poor

AFE, amniotic fluid embolism; COD, cause of death; HIE, hypoxic ischaemic encephalopathy; LVH, left ventricular hypertrophy; MCT, mast cell

tryptase; PET, pre-eclampsia; SADS, sudden arrhythmic cardiac death.
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an agreed main cause of death, and the case could be

assigned to the appropriate diagnostic category and type,

that is Direct, Indirect or Coincidental. However in a small

number, the final diagnosis and type could not be resolved

despite evaluation by many regional and central assessors

in the different specialties. The problems lie in (1) inade-

quate or inconclusive clinical data, (2) poor autopsy qual-

ity, and (3) the intractable nature of some deaths.

Table 17.1 highlights the main features of nine such cases,

combining the clinical and pathological data.

The possible diagnoses in these unresolved cases

encompass all the types of maternal death, and the

absence of conclusive diagnoses biases the calculated rates

of some important entities. The two most significant of

these are sepsis and sudden adult/arrythmic death syn-

drome; the current report has identified an increase in

these clinical pathologies, so it is unfortunate that the true

rates might be even higher if there had been better case

ascertainment.

Some deaths are never resolved at autopsy despite a full

examination and ancillary tests. One reason is that a week

or more of post-event intensive care can obliterate the

pathological evidence of what that critical event was. But

the main message from these deaths is that the maternal

autopsy deserves a full protocol approach. This includes

sepsis screen, retaining blood for later tests (e.g. mast cell

tryptase to prove or exclude anaphylaxis), careful evalua-

tion of the heart, full histopathology and, above all, think-

ing about the possible range of clinico-pathological

correlations.
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Annex 17.1. The main clinico-pathologies
encountered at autopsy in maternal death and
specific pathological scenarios (Adapted from Royal
College of Pathologists: Guidelines on Autopsy
Practice. Scenario 5: Maternal Death. May 2010.)

1 Direct maternal death
• Venous thrombosis and pulmonary embolism

• Hypertensive disease of pregnancy [pre-eclampsia, eclampsia]

a. Subtype of pre-eclampsia: HELLP syndrome in

pre-eclampsia (haemolysis, elevated liver enzymes, low

platelets)

• Peripartum haemorrhage

a. Uterine atony

b. Abruption of the placenta

c. Placenta praevia

d. Retained placenta and products of conception

e. Abnormally adherent placenta

(i) Placenta accreta, increta, percreta

f. Tear or rupture of genital tract

(i) Spontaneous

(ii) Iatrogenic

• Life support for peripartum haemorrhage

a. Transfusion-associated lung injury

b. Fluid overload

• Peripartum dilated cardiomyopathy (defined as cardiac

failure from last month of pregnancy up to 5 months

postpartum; other causes excluded)

• Amniotic fluid embolism

• Early pregnancy deaths

a. Ectopic pregnancy and haemorrhage

b. Spontaneous miscarriage

c. Legal termination

• Genital tract sepsis—puerperal sepsis

• Anaesthetic (general and regional anaesthesia)

a. general anaesthesia complications

b. regional anaesthesia complications (e.g. subdural hae-

matoma following inadvertent dural puncture during

epidural anaesthesia)

• Air embolism

• Ogilvie syndrome (pseudo-obstruction of the large

bowel)

• Choriocarcinoma and hydatidiform mole

• Ovarian hyperstimulation syndrome

• Acute fatty liver of pregnancy

2 Indirect maternal death
• Cardiac

a. Congenital heart lesion with pulmonary hypertension

b. Inheritable cardiomyopathy, that is hypertrophic car-

diomyopathy (HOCM), arrhythmogenic right ventric-

ular cardiomyopathy (ARVCM)

c. Acquired cardiac muscle disease, that is ischaemic

heart disease, endocardial fibroelastosis

d. Obesity and sudden cardiac death

e. Valvular disease, that is in intravenous drug users,

rheumatic fever, mitral stenosis

• Systemic hypertension

• Idiopathic arterial pulmonary hypertension

• Pre-existing thrombophilia states, including antiphosp-

holipid syndrome

• Thrombotic thrombocytopaenic purpura

• Stroke

a. Subarachnoid haemorrhage

b. Cerebral infarction

c. Cerebral venous sinus thrombosis

• Other cardiovascular diseases

a. Dissection of aorta

b. Dissection of coronary artery

c. Dissection of splenic artery

• Psychiatric, including suicide related to pregnancy and

delivery

• Epilepsy (sudden unexplained death in epilepsy)

• Malignant disease worsened by pregnancy (breast, cervix)

• Community-acquired sepsis

• Acute anaphylaxis from drug treatment, that is antibiotics

• Other diseases

a. HIV/AIDS and tuberculosis

b. Sickle cell disease (HbSS and HbSC)

c. Connective tissue disease—systemic lupus erythemato-

sus

d. Diabetes mellitus—gestational and pre-existing diabe-

tes; this includes the hypoglycaemic ‘dead in bed’ syn-

drome

e. Influenza (e.g. epidemic type A—H1N1)

f. Cirrhosis

g. Any other clinico-pathological condition that the preg-

nant state makes worse; these include inherited and

acquired conditions, and the woman may have been spe-

cifically warned of the hazards of becoming pregnant
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3 Coincidental maternal death
• Death by own hands (suicide—some cases are unrelated

to pregnancy, reflecting underlying mental health issues;

note that only Coroners/Procurators Fiscal can make the

diagnosis of ‘suicide’)

• Other malignant disease

• Stroke (early in pregnancy, e.g. with ruptured berry

aneurysm)

• Road accident

• Homicide

• Toxic/illicit drug overdose

• Any other significant clinico-pathological condition

These deaths are further subclassified into ‘Maternal

deaths’ (up to 42 days following abortion, miscarriage or

delivery—the international definition), and ‘Late maternal

deaths’ (more than 42 days to 1 year following abortion,

miscarriage or delivery).

In many cases, there may be a combined Direct + Indi-

rect pathogenesis, and the deaths are multifactorial.

Specific scenarios and important
entities

This is a summary aide memoire for pathologists encoun-

tering certain potentially confusing clinical and pathological

scenarios following a maternal death.

1 Pre-eclampsia and eclampsia (defined as tonic-
clonic seizure in a woman with pre-eclampsia)

a. Intracerebral haemorrhage—major or petechial

b. Cerebral oedema, hypoxic damage and infarc-

tion—vasogenic aetiology

c. Kidney lesion = glomerular endotheliosis

d. Liver: periportal necrosis and haemorrhage (HELLP

syndrome)

e. Note: pre-eclampsia/eclampsia deaths may occur in

the community between antenatal visits so brain, kid-

ney and liver histopathology can be critical in making

the diagnosis at autopsy

2 Sepsis
This is complicated, and the previous tendency to include

all the scenarios under ‘puerperal sepsis’ oversimplifies the

issues of pathogenesis. A proportion of Group A strepto-

coccal sepsis is community-acquired infection via the respi-

ratory tract, with pregnancy possibly making the infection

more virulent. The following are the main clinico-patho-

logical entities:

a. Preterm spontaneous rupture of membranes and

ascending infection

b. Direct infection of the genital tract during or shortly

after the delivery

c. Nasopharyngeal tract (community-acquired) infection,

with possible transfer of bacterium to vagina, ascend-

ing infection and bacteraemia

d. Necrotising fasciitis following a genital tract tear

e. Methicillin-resistant Staphylococcus aureus infection

acquired in hospital

f. Sepsis from an organ not related directly to the genital

tract, that is pneumonia, breast (mastitis), heart valve

endocarditis

3 Intra-abdominal haemorrhage
a. Uterine rupture

b. Ectopic pregnancy

c. Tear of an abdominal wall artery during or after cae-

sarean section

d. Ruptured aortic aneurysm or dissection

e. Rupture of splenic artery aneurysm

f. Rupture of liver or spleen capsules

g. Haemorrhage from liver in HELLP syndrome

4 Deaths related to anaesthesia
a. Aspiration pneumonitis

b. Difficulties in airway patency peri- and post-anaesthesia

c. Overdose of opiate drugs for pain

d. Infection introduced by spinal/epidural anaesthesia

e. Other anaesthetic complications such as anaphylaxis,

hyperthermia

5 Termination of pregnancy
a. Criminal (unsafe) abortion

(i) Infection

(ii) Air embolism

(iii) Perforation of uterus

b. Medical or surgical termination

(i) Uterus rupture from prostaglandin induction

(ii) Trauma to genital tract and perforation of uterus

(iii) Infection and air embolism

6 Sudden unexpected cardiac death
An area of growing concern where detailed depiction of the

heart is essential9,10

a. Sudden arrhythmic cardiac death (SADS) with a mor-

phologically normal heart

b. SADS in a hypertrophied heart

(i) Cause of hypertrophy known—that is hypertension

(ii) Cause of hypertrophy undetermined

(iii) Obesity-associated (‘obesity cardiomyopathy’)

c. One of the described cardiomyopathies, that is

ARVCM, HOCM

7 Pulmonary ‘flash’ oedema
a. Cardiomyopathy ± obesity

b. Hypertensive heart disease
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c. Pre-eclampsia and acute lung injury

d. Fluid overload

e. Transfusion-associated lung injury

8 Disseminated intravascular coagulation (DIC)
A pathology with many causes and differential diagnoses.

a. Obtain the pre-mortem haematology laboratory results

b. Differentiate between DIC and thrombotic thrombo-

cytopaenic purpura from the laboratory results and

the histopathology

c. Consider to prove or exclude as causes of DIC

(i) Severe sepsis

(ii) Uterine atony and other causes of peripartum

haemorrhage

(iii) Amniotic fluid embolism

9 The fetus
There may be a fetus retained within the mother; or

accompanying the mother, following peri-mortem caesar-

ean section or other delivery.

a. If the fetus lived and then died, the coroner has

potential jurisdiction

b. If the fetus never lived, then the coroner has no juris-

diction; an autopsy would need consent from the rela-

tives, unless there are special circumstances

c. Autopsy of the fetus is usually unnecessary, as this will

contribute little or nothing to the understanding of

the mother’s cause of death. Exceptions to this are

possibly sepsis, when fetal skin or lung samples can

indicate severity and timing of ascending infection;

and the exceptionally rare event of a fetal malignant

tumour that might have spread to the mother
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Background

The UK Maternal Death Enquiry 2006–08 has been the

responsibility of the Confidential Enquiry into Maternal

and Child Health (CEMACH) until 1 July 2009, followed

by its successor organisation, the Centre for Maternal and

Child Enquiries (CMACE), to completion.

CMACE is a registered charity and company limited by

guarantee governed by its own Board of Trustees. The

Maternal Death Enquiry is part of the National Confiden-

tial Enquiry programme commissioned by the National

Patient Safety Agency (NPSA) for England and Wales, the

Northern Ireland Department of Health and NHS Quality

Improvement Scotland (NHSQIS) for their respective par-

ticipation in the Enquiry.

The Enquiry is carried out regionally through four

CMACE offices and two subcontracted offices in England,

the Public Health Agency team in Northern Ireland and

the Reproductive Health Programme team in Scotland. The

central coordination is carried out by the CMACE central

office, which is based in London.

Notification, surveillance and enquiry
processes

It is a government requirement that all maternal deaths

should be subject to this Confidential Enquiry, and all

health professionals have a duty to provide the information

required. Additionally, the Clinical Negligence Scheme for

Trusts (CNST) in England includes contribution to the

enquiry within its criteria of standards.

In participating in the Maternal Death Enquiry, profes-

sionals concerned are asked for two things:

1 To provide a full and accurate account of the circum-

stances leading to the woman’s death, with supporting

records.

2 To reflect on any clinical or other lessons that have

been learned, either personally or as part of the

wider context.

The responsibility for initiating an enquiry into maternal

death lies with the CMACE regional manager or lead

within each office. Following a pregnancy-associated mater-

nal death, a notification is usually made by one of the

health professionals involved in the care of the woman to

the relevant CMACE regional manager. Cases are also

reported by coroners, Local Supervising Authority Mid-

wifery Officers (LSAMO) and others. This is followed up

with a request from the regional office for more detailed

surveillance data.

The Enquiry is then initiated by the regional office using

a standard data collection form (Maternal Death Report

[MDR1] pro forma), which is completed by obstetricians,

anaesthetists, pathologists, GPs, midwives and any other

professionals who were involved in the care of the woman.

Copies of case notes are obtained, and where relevant,

autopsy reports, internal reviews and, in some cases, addi-

tional written statements are supplied.

Each case is then prepared for a two-stage review and

assessment process, the first occurring at a regional level,

and the second occurring at a central level.

Regional assessment

Each CMACE region has one or more sets of regional

assessors, depending on requirements. Each set includes an

obstetric assessor, a midwifery assessor, a pathology asses-

sor, an anaesthesia assessor and a perinatal psychiatry asses-

sor. Nominations for medical assessors are sought from the

presidents of the Royal Colleges, and nominations for mid-

wives are sought from the LSAMO.

Regional assessors must be an active clinical practitioner

in the NHS, in the relevant specialty. If medical, the regio-

nal assessor should be at consultant level, or, if a midwife,

must be at supervisory or management level. The regional

assessors should have knowledge and experience of organi-

sation of care, as well as commanding the respect of their

peers. It is important that the regional assessor is able to

realistically commit enough time to assess and return

enquiry forms in a timely manner.

The role of the regional assessor is to review the infor-

mation reported in the MDR1 form and any other docu-

ments that have been assembled by the CMACE regional

manager. Every attempt is made to obtain full details of

any autopsy and pathological investigations.

Following collection of all the relevant information, the

records are anonymised and circulated by the CMACE

regional manager to regional assessors. The obstetric and

midwifery assessors review all cases. Anaesthesia and
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perinatal psychiatry assessors review all cases where there

was involvement of an anaesthetic or intensive care or a his-

tory of psychiatric illness, respectively. Cases where an

autopsy has been obtained are assessed by the regional

pathology assessor.

The assessors review the cases taking into account the case

history, the results of pathological investigations and find-

ings of autopsy that may have been conducted. They then

summarise in a short report, which includes their comments

and opinions, regarding the cause or causes of death and the

resources of the organisation responsible for the care of the

woman. The assessor is also asked to make a judgement as to

whether the care was substandard and, if so, if this was a

contributing factor in the death of the mother. The com-

pleted form is then returned to the regional office.

In Northern Ireland and Scotland, consensus case assess-

ment is made and the report is written within a meeting of

the regional assessors on a periodic basis within the trien-

nium.

Following regional assessment, the cases are sent from

the regional office to the CMACE central office for central

assessment.

Central assessment

The Director of the Maternal Death Enquiry reviews all

cases and allocates the cases for central assessment as

necessary. The central assessors cover a broad range of

specialties which include: obstetrics and gynaecology,

midwifery, anaesthesia, psychiatry, obstetric medicine

and cardiology, emergency medicine, general practice and

pathology. The Director will make a decision as to which

are the most appropriate central assessors to review each

case.

The central assessors review cases and provide a central

report, taking into account the regional assessors’ reports.

Following this detailed investigation, each case is allocated

to a specific chapter in the final report. All details regarding

the death, including the agreed clinical cause of death, are

recorded in a database.

In a small number of cases, the cause of death is assessed

to vary from the underlying cause of death as given on the

death certificate and classified by the registrars general

using the International Classification of Diseases 10th revi-

sion (ICD10). This is because a death may be coded for a

specific cause of death, but the pathogenesis of this condi-

tion may have been precipitated by an obstetric event. For

example, although a given death may be coded as multiple-

organ failure as the terminal event, it could have been

precipitated by an obstetric event such as septicaemia from

an infected caesarean section. Although each pregnancy-

associated maternal death reported to this Enquiry is only

counted once and assigned to one chapter, it may be

referred to in additional chapters. For example, a death

assigned to ‘hypertensive disorder of pregnancy’, in which

haemorrhage and anaesthesia also played a part, may be

discussed in all three chapters.

Authors

Chapters are initially drafted by individual central assessors

and then discussed in detail by the writing panel before the

report is finalised. Other acknowledged professionals, who

have a particular and expert interest in specific diseases or

areas of practice, will be asked to provide peer review and

comment on the content and recommendations made in

the chapter relevant to their expertise before publication.

Statistical analysis and data presentation advice is pro-

vided to each author by both an independent statistical

advisor and data analysts at CMACE.

These processes are summarised in Figure 1.

Verification of ascertainment

Ascertainment is checked with reference to data supplied

by the Office for National Statistics (ONS) for England and

Wales’ data. These data are supplied in two forms:

1 Direct notifications—these are deaths of women where

‘pregnancy’ is mentioned anywhere on the ONS death

registration. These cases are coded as a maternal death

according to the ICD10. This identifies all women

where pregnancy may have been a contributing factor

to their death.

2 Linkage notifications—these are deaths of women

where the name of the woman appeared on the regis-

tration of a birth in the current or preceding calendar

year. This allows for the identification of women who

have died up to 364 days following delivery.

These data are cross-matched with the data that have

been directly acquired by CMACE. Any cases that have

been identified by one organisation but not the other

would then be established. These outstanding cases are then

further investigated to ensure that they are pregnancy-asso-

ciated deaths and warrant inclusion in the Enquiry. The

enquiry process is then initiated as above using the stan-

dard data collection form.

Confidentiality

All data and databases are held in accordance with

CMACE information governance and security procedures

(not applicable in Scotland). These ensure anonymity at

different stages of the Enquiry process, guarantee confi-

dentiality and safeguard any identifiable information for

the duration it is held. These procedures meet with the

requirements set out by Cabinet Office Guidance on

Appendix 1: The method of Enquiry
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managing information risk. In addition, the Maternal

Death Enquiry has Section 251 approval from the National

Information Governance Board (NIGB). This permits the

common law duty of confidentiality to be set aside so

that information that identifies patients can be used with-

out next-of-kin consent.

After preparation of the Report and before its publica-

tion, all maternal death report forms, related documents

and files relating to the period of the Report are destroyed,

and all electronic data are irreversibly anonymised.

Denominator data

Denominator data and other relevant statistical data are

supplied by organisations such as ONS, the Scotland Gen-

eral Registrar Office (GRO), Northern Ireland Statistical

Research Agency (NISRA) and Hospital Episode Statistics

(HES).

For further information or to view the protocol for the

Maternal Death Enquiry, please see the CMACE website

www.cmace.org.uk.

Surveillance
system 

Data acquisition
anonymisation

Data cleaning
Data verification Central

assessment

Triennial dataset

Notification

Analysis

Expert panel
investigation and

interpretation

Saving Mothers’ Lives
triennial enquiry

report

Data
recovery 

Data
management 

Regional
level 

Central
level

ONS
data

Regional
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Enquiry

Data
notification 

Irreversible
anonymisation–final
number allocated 

Figure 1. Flow diagram summarising data acquisition and processing in the maternal mortality surveillance and Confidential Enquiry programme

2006–08.
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Surveillance of near-miss maternal
morbidity

The UK Obstetric Surveillance System (UKOSS) was set up

to study rare disorders of pregnancy1 on a national basis

throughout the UK. This has enabled serial surveillance of

a number of near-miss morbidities. It is increasingly being

recognised that study of near-miss morbidity can comple-

ment enquiries into maternal death and provide additional

information to guide prevention and treatment of poten-

tially life-threatening conditions.2 Maternal deaths represent

the tip of the iceberg of disease; a much larger number of

women suffer from near-miss morbidity, increasing the

power of these studies to investigate risk factors both for

the occurrence of disease and progression to death or other

severe complications. This summary presents the key find-

ings from UK surveillance of near-miss maternal morbidi-

ties and related conditions undertaken during the period of

the maternal death surveillance of this report and describes

ongoing studies of near-miss conditions. Further details are

available at www.npeu.ox.ac.uk/ukoss.

Surveillance methods
The UKOSS methods are described in detail in the Intro-

duction to this Report. Each month, reporting cards with a

tick-box list of conditions are sent to nominated reporting

clinicians (midwives, obstetricians, risk management mid-

wives and anaesthetists) in all consultant-led maternity

units in the UK. Inclusion of all consultant-led maternity

units enables UKOSS near-miss surveillance to cover the

entire cohort of women giving birth in the UK, as women

who experience these events at home or in a non-consul-

tant unit will be transferred to a consultant unit. The sys-

tem, however, does not allow for detailed surveillance of

near-miss conditions occurring in early pregnancy, such as

ectopic pregnancy, when women will be cared for in gynae-

cology units. Similarly, conditions which present later in

the postnatal period, for example puerperal psychosis, are

not surveyed, because presenting women are most likely to

be cared for in settings other than obstetric units.

UKOSS is an active, negative surveillance system, that is,

zero reports are sought in addition to reports of cases.

Hence, all participating hospitals will return a report card

each month, whether or not there have been any cases,

enabling continual monitoring of response rates and confir-

mation of the denominator number of women for the calcu-

lation of disease incidence. In response to a report of a case,

clinicians are sent a data collection form requesting further

details of a woman’s demographic, pregnancy and other

characteristics, as well as management and pregnancy out-

comes. All information collected is anonymous. In addition,

for some studies, collaborating clinicians may be asked to

provide similar details for a comparison woman. This allows

UKOSS to conduct case–control and cohort studies as well

as descriptive studies and this considerably widens the range

of research questions that can be addressed using the system.

Examples of questions that can be addressed using

UKOSS studies include:

• estimating disease incidence; for example UKOSS sur-

veillance of eclampsia demonstrated a 45% reduction

in incidence between 1992 and 20053

• describing the prevalence of factors associated with

near-miss maternal morbidity; for example a UKOSS

study estimated that more than one in every 1200

women delivering in the UK is extremely obese (body

mass index [BMI] ‡ 50 kg/m2)4

• quantifying risk factors for severe morbidity; for exam-

ple UKOSS surveillance of peripartum hysterectomy

for severe haemorrhage showed a significant associa-

tion with previous delivery by caesarean section5

• auditing of national guidelines; for example UKOSS

surveillance of antenatal pulmonary embolism showed

that very few women were not receiving thrombopro-

phylaxis according to Royal College of Obstetricians

and Gynaecologists guidelines6,7* Head of the United Kingdom Obstetric Surveillance System, National

Perinatal Epidemiology Unit.

Appendix 2A: Summary of United Kingdom Obstetric Surveillance System (UKOSS) Report on near-miss studies

ª 2011 Centre for Maternal and Child Enquiries (CMACE), BJOG 118 (Suppl. 1), 1–203 191



• investigating different management techniques; for

example the use of total versus subtotal hysterectomy

was examined in the UKOSS study of peripartum hys-

terectomy for severe haemorrhage, but no significant

differences in complication rates between the two

techniques were found8

• describing the outcomes of severe morbidity; for

example UKOSS surveillance of acute fatty liver of

pregnancy showed that both maternal and infant out-

comes were better than suggested by previous hospi-

tal-based historical studies9

UKOSS can, in addition, be used to conduct studies rap-

idly in response to emerging public health issues; hence, in

response to the influenza A/H1N1v (‘swine flu’) pandemic,

surveillance of women admitted to hospital with confirmed

infection was initiated to inform ongoing clinical guidance

during the course of the pandemic.10

Surveillance of specific near-miss
morbidities—key points from
completed UKOSS studies

Haemorrhage and associated conditions

Peripartum hysterectomy
The incidence of peripartum hysterectomy in the UK is 4.1

cases per 10 000 maternities (95% CI 3.6–4.5) with a case

fatality of 0.6% (95% CI 0–1.5%). Peripartum hysterec-

tomy is strongly associated with previous delivery by cae-

sarean section (adjusted odds ratio [aOR] 3.52, 95% CI

2.35–5.26), and the risk rises with increasing number of

previous caesarean section deliveries (aOR 2.14 with one

previous delivery, 95% CI 1.37–3.33; 18.6 with two or

more, 95% CI 7.67–45.4)). Maternal age and parity are also

important risk factors.5

The majority of cases occur in association with either

uterine atony or a morbidly adherent placenta (placenta ac-

creta). The associated haemorrhage is managed in a variety

of ways and not universally according to existing guide-

lines; some women who have a hysterectomy for haemor-

rhage caused solely by uterine atony are not fully treated

with uterotonic drugs to control the haemorrhage. Very

few women were reported to have had a hysterectomy fol-

lowing treatment with some of the more innovative thera-

pies for control of haemorrhage, including uterine artery

embolisation and factor VII.8 However, this study did not

collect information on women who had a postpartum

haemorrhage successfully controlled using these therapies,

and therefore further surveillance was undertaken specifi-

cally to describe all women managed with specific second-

line therapies to fully describe outcomes following their use

(see below).

Management with specific second-line therapies for
postpartum haemorrhage
Information was collected on all women in the UK man-

aged with uterine compression sutures, pelvic vessel em-

bolisation or ligation or factor VII for severe postpartum

haemorrhage between September 2007 and March 2009.

An estimated 2.6 women per 10 000 maternities were

managed with these therapies.11 Almost a quarter of

women subsequently underwent a hysterectomy following

failure of control of the haemorrhage. Uterine compres-

sion sutures were the most frequently used of these spe-

cific second-line therapies; the compression sutures failed

to control the haemorrhage in 29% of cases (95% CI 26–

36%). Treatment with uterine artery embolisation failed

to control haemorrhage in 21% of cases (95% CI 6–

46%), surgical ligation of pelvic vessels was performed in

a very small number of cases and was associated with a

failure rate of 68% (95% CI 43–87%) and factor VII,

used in 12% of cases, unsuccessfully controlled haemor-

rhage for 71% of women (95% CI 52–85%). Women

whose haemorrhage was not successfully controlled with a

uterine compression suture were significantly more likely

to have had a later placement of the suture (more than

2 hours following delivery) than women whose haemor-

rhage was controlled (aOR 3.86, 95% CI 1.65–8.99), high-

lighting the importance of early recognition and

treatment of postpartum haemorrhage to improve out-

comes for women.

Hypertension and related disorders

Eclampsia
The incidence of eclampsia has decreased significantly in

the UK from 4.9 per 10 000 maternities in 199212 to 2.7

cases per 10 000 maternities (95% CI 2.4–3.1)3 in 2005.

The majority of women in the UK are managed with mag-

nesium sulphate according to national protocols, and com-

parison between the 1992 and 2005 data suggest that

maternal morbidity has been significantly reduced as a con-

sequence. No women in the study died (case fatality 0%,

95% CI 0–1.7%). Fifty-four (26%) had recurrent fits.

Twenty-two women (10%) were reported to have other

severe morbidity after the eclamptic episode. Outcomes

were known for 222 infants (204 singletons, 18 twins).

Eight infants were stillborn, and five died in the neonatal

period (perinatal mortality 59 per 1000 births, 95% CI

32–98). This study showed the practical benefits of the

incorporation of research evidence into practice, improving

outcomes for women through the widespread use of

evidence-based guidelines.

Knight
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Acute fatty liver of pregnancy
Nationally acute fatty liver of pregnancy is rare, with an

estimated incidence of 5.0 cases per 100 000 maternities

(95% CI 3.8–6.5/100 000) or 1 in 20 000 maternities.9 The

‘Swansea’ diagnostic criteria previously proposed agree sub-

stantially with clinical diagnosis.13 Eighteen percent of

women had twin pregnancies, and 20% were underweight

(BMI < 20 kg/m2). This suggests that women with twin

pregnancies appear to be at higher risk, but further studies

are needed to investigate the risk associated with low BMI.

One woman out of 57 received a liver transplant. One

woman died (case fatality rate 1.8%, 95% CI 0–9.4%).

There were seven deaths among 67 infants (perinatal mor-

tality rate 104 per 1000 births, 95% CI 43–203). The inci-

dence estimate from this study is lower than documented

by earlier hospital-based studies, but maternal and neonatal

outcomes are better than previously reported, possibly

related to improved ascertainment.

Thrombosis and thromboembolism

Antenatal pulmonary embolism
A total of 143 women with antenatal pulmonary embolism

were reported, representing an estimated incidence of 1.3

per 10 000 maternities (95% CI 1.1–1.5).6 There were a few

cases where thromboprophylaxis was not provided accord-

ing to national guidelines, and there may be scope for fur-

ther work on guideline implementation. The main risk

factors for pulmonary embolism were multiparity (aOR

4.03, 95% CI 1.60–9.84) and obesity (BMI ‡ 30 kg/m2)

(aOR 2.65, 95% CI 1.09–6.45); however, without additional

studies of cost-effectiveness, we are unable to recommend

any changes to current guidelines which would aid preven-

tion of this serious condition. Nearly a third of women

with antenatal pulmonary embolism had no classical risk

factors, and only nine women with classical risk factors

were eligible for prophylaxis under 2007 guidelines. Further

work is needed to assess how information about these risk

factors may be used to guide prophylaxis. Two women had

recurrent pulmonary emboli (1.4%, 95% CI 0.2–5.1%), and

five women died (case fatality 3.5%, 95% CI 1.1–8.0%).

Hence, significant severe morbidity from thromboembolic

disease underlies the maternal deaths from antenatal pul-

monary embolism reported in the UK, with approximately

30 women diagnosed with the condition for each woman

who died.

Amniotic fluid embolism
Analysis of data reported over 4 years to UKOSS shows an

estimated incidence of amniotic fluid embolism (AFE) of

2.0 cases per 100 000 maternities (95% CI 1.5–2.5/

100 000).14 Occurrence of AFE was significantly associated

with induction of labour (aOR 3.86, 95% CI 2.04–7.31)

and multiple pregnancy (aOR 10.9, 95% CI 2.81–42.7); an

increased risk was also noted in older women from ethnic

minorities (aOR 9.85, 95% CI 3.57–27.2). Caesarean deliv-

ery was associated with postnatal amniotic fluid embolism

(aOR 8.84, 95% CI 3.70–21.1). Twelve women died (case

fatality 20%, 95% CI 11–32%); five of 37 infants of women

with antenatal AFE died (perinatal mortality 135/1000 total

births, 95% CI 45–288). Women who died were signifi-

cantly more likely to be from ethnic minority groups (aOR

11.8, 95% CI 1.40–99.5). In view of the extreme rarity of

this condition and the significant associated mortality, sur-

veillance through UKOSS is ongoing to further investigate

risk factors and describe outcomes following the use of dif-

ferent management techniques.

Ongoing surveillance
Ongoing surveillance of near-miss maternal morbidity is

clearly important to complement the comprehensive studies

of maternal death as presented in this report. The following

studies are ongoing (2010 onwards); additional studies will

be introduced as part of the UK National Maternal Near-

miss Surveillance Programme funded by the National Insti-

tute for Health Research.

Uterine rupture
Uterine rupture is associated with significant maternal

and fetal morbidity, and a decrease in the number of

women attempting vaginal birth after caesarean section

may be the result of concerns about the risk of uterine

rupture. There are, however, no systematic data available

at a population level to quantify the incidence of uterine

rupture and to assess the risks associated with induction

and augmentation of labour in women who have had a

previous caesarean delivery. This study will investigate the

incidence, risk factors and outcomes of uterine rupture in

the UK.

Placenta accreta
Placenta accreta is thought to be becoming more common

for a number of reasons, including rising maternal age at

delivery and an increasing proportion of deliveries by cae-

sarean section. There is at the same time a debate about

the optimal diagnostic and management techniques. This

study will describe the current management of placenta ac-

creta in the UK and associated outcomes for women and

their infants. In addition, this study will estimate the

national incidence of placenta accreta in the UK and iden-

tify the extent to which previous caesarean section and

older maternal age are risk factors in this population. This

will enable appropriate future service planning, provide

accurate information, which can be used when counselling

women about the risks associated with caesarean section

and developing management guidelines, and provide a
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baseline incidence against which future trends can be mon-

itored if caesarean delivery rates continue to rise nationally.

Antenatal stroke
Stroke is an important cause of severe maternal morbidity

and mortality in the UK. The increasing age of women at

childbirth, along with other risk factors, may lead to an

increase in the incidence of stroke associated with preg-

nancy. There have to date been no prospective national

studies to estimate the incidence or outcomes of this con-

dition. This study will investigate the incidence, risk fac-

tors, management and outcomes of stroke in pregnancy in

the UK to inform future guidelines for prevention and

treatment.

Myocardial infarction
Myocardial infarction in pregnancy is known to be associ-

ated with significant maternal and fetal mortality. The cur-

rent incidence estimate is based on a study from 1970.

Current trends in lifestyle factors and increasing age at

childbirth are likely to be leading to an increase in inci-

dence. This study will provide an estimate of the incidence

of the disease, its epidemiology and its management.

Pulmonary vascular disease
Pulmonary vascular disease in pregnancy is widely consid-

ered to pose an extreme risk of maternal death, but there

have been no recent prospective case series to assess this

risk. Novel methods of management may also impact on

outcomes. This study will provide a national picture of the

incidence of the disease, its epidemiology and management.

Aortic dissection
Aortic dissection in pregnancy is a significant cause of

maternal morbidity and mortality. Changes in birth pat-

terns, with a rise in older mothers and increased prevalence

of obesity, may contribute to an increased occurrence of

aortic dissection in the UK. There have been no prospective

studies to estimate the incidence of this disease and its

investigation and management during pregnancy. This

study will estimate the national incidence of aortic dissec-

tion in the pregnant population in the UK and use these

national data to investigate and quantify risk factors for

aortic dissection in pregnancy.

Failed intubation
Although anaesthetic-related maternal deaths have

decreased in number in recent years, hypoxia related to

failed intubation remains a consistent cause of mortality.

The incidence of failed intubation in the obstetric popula-

tion is thought to be higher than in the nonpregnant popu-

lation, but the reasons for this higher incidence in the

obstetric population are thought to be multiple. This study

will investigate the incidence, risk factors, management and

outcomes of failed intubation in the obstetric population

in the UK to inform future guidelines for prevention and

treatment.

Conclusions

National studies of near-miss maternal morbidity con-

ducted through UKOSS provide a range of information to

complement the national Confidential Enquiries into

Maternal Death contained in this report. The UKOSS

network of collaborating clinicians in all consultant-led

maternity units allows for ongoing surveillance of specific

near-miss conditions as well as rapidly responsive studies

where there is an urgent public-health need. The UK Con-

fidential Enquiries into Maternal Death are cited worldwide

for their role in improving maternity care and pregnancy

outcomes for women, and the model has been adopted in

many countries. In a similar manner, the UKOSS model is

now being adopted internationally15,16 with the potential

for multinational collaborative surveillance studies giving

added benefit to women and their families.
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Background and methods

Since 2003, following a successful pilot,1 a continuous audit

of severe maternal morbidity in Scotland has been con-

ducted, collecting data on consistently defined events in all

consultant-led maternity units in Scotland. The included

events and their definitions are based on pilot work by Man-

tel et al.2 The audit is administered by the Reproductive

Health Programme of NHS Quality Improvement Scotland

(NHS QIS), and an annual report is produced. The report

for 20083 includes definitions of events, a detailed descrip-

tion of the methodology, an analysis of trends over the

6 years of the audit to date and web links to previous annual

reports. The main findings for the triennium 2006–08 are

presented here, with reference to earlier years where appro-

priate. It can be downloaded from www.nhshealthquali-

ty.org/nhsqis/files/SCASMM_REP_APR10.pdf.

In each consultant-led maternity unit, a designated mid-

wife coordinator notifies the NHS QIS Reproductive Health

Programme of all women meeting one or more of the

severe morbidity definitions. Minimum data are collected

for all categories of morbidity, and detailed information is

recorded for cases of major obstetric haemorrhage and of

eclampsia, including a detailed within-unit assessment of

the quality of care. No named patient data are submitted

to NHS QIS.

Rates of morbidity in this summary are calculated from

birth statistics published by the General Register Office for

Scotland4 and include all live births and stillbirths. Stan-

dards of care are derived from guidelines current during

the triennium.5,6

Results

During the triennium 2006–08, 1025 women were

reported to the confidential audit, experiencing a total of

1237 morbidities. The rate of severe maternal morbidity

was 5.88 per 1000 births (95% CI 5.52–6.25) based on

174 430 births in Scotland.4 Most women (832) had a

single morbidity, but 177 suffered two, 12 had three and

four women had four identified morbidities. In the same

time period, there were 13 Direct and Indirect maternal

deaths in Scotland, giving a mortality/morbidity ratio of 1

in 79. The ratio in the previous triennium was 1 in 56.

The distribution of reported morbidities in each category

is shown in Table 1.

Since the audit commenced in 2003, the rate of reported

morbidity has varied from a low of 4.50 per 1000 births

(95% CI 3.96–5.09) in 2004 to a high of 6.25 per 1000 births

(95% CI 5.63–6.94) in 2006. Almost all of this variation has

been the result of changes in the reported rate of major

obstetric haemorrhage (MOH), which has always been the

most frequent cause of morbidity. The combined rates of all

other causes reported to the audit have changed little over

the years (Figure 1). An apparent rise in the rate of MOH in

the middle of the decade appears to have halted.

An analysis of intensive-care unit (ICU) admissions was

not carried out until 2008. In that year, only 29 (8%)

women were admitted to ICU for reasons not otherwise

within the audit criteria. The most frequent reason overall

for ICU admission was for MOH (47% of ICU admis-

sions, 16% of all cases of MOH), and the most frequent

‘uncategorised’ reason for admission was for a cardiac

condition, both congenital and acquired (12% of ICU

admissions).

The perinatal mortality rate among women suffering

severe morbidity is high. In 2006–08, the rate was 57.2 per

1000 births (95% CI 41.7–77.0) compared with a perinatal

mortality rate of 7.6 per 1000 (95% CI 7.2–8.0) for all

births in Scotland in the same period.7

The most frequent cause of MOH is uterine atony

(46.9% of all cases of MOH in 2006–08). Although the

incidence of a morbidly adherent placenta as a cause is rel-

atively low (40 cases, 5.5% of MOH in 2006–08), the audit

confirmed its association with a previous caesarean section.

Also confirmed was the association between MOH and cae-

sarean section delivery: 44.3% of cases of MOH were deliv-

ered by emergency caesarean section, rising to 55.2% when

elective caesarean sections are included. In 2006–08 in

Scotland, the overall emergency caesarean section rate was

16%, rising to 26% when all caesarean sections were

included.8 One in five (21.8%) emergency caesarean
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sections resulting in MOH were performed at full dilata-

tion. The proportion of all emergency caesarean sections in

Scotland performed at full dilatation is unknown but it is

almost certainly lower than this.

The surgical management of MOH has undergone a sig-

nificant change since the audit commenced in 2003, with a

steady increase in conservative surgical techniques. Intra-

uterine balloon tamponade was used in only six cases in

2003, but this rose steadily to 53 (21% of all women with

MOH) in 2008. The use of uterine brace sutures similarly

increased from 10 in 2003 to 25 in 2007. This has been

associated with a statistically significant decline in the peri-

partum hysterectomy rate (P = 0.032), as shown in

Figure 2.

The overall standard of care for both MOH and eclamp-

sia in 2006–08 was high, with most units complying with

over 90% of auditable standards taken from current guide-

lines.5,6 Units’ self assessments found, however, that care

was entirely optimal in only 65% of cases of MOH and in

only 48% of cases of eclampsia. Major suboptimal care was

infrequent when MOH occurred (17 women, 2%) but

occurred in 10% of eclampsia cases (four women). Prob-

lems identified included lack of senior medical involvement

(especially for eclampsia) and delayed recognition of the

serious nature of the problem.

Discussion

The Scottish Confidential Audit of Severe Maternal Mor-

bidity has provided information and assessments of the

quality of care for six continuous years. The technique of

prospective collection and notification of a wide range of

morbidities with case assessment by unit-based staff and

analysis by a single national body appears unique. Other

audits of maternal morbidity have been time or location

limited, dependent on nationally collected information or

involved certain specific morbidities. The subject is bedev-

illed by a lack of consistent definitions and by difficulties

with case identification and comprehensive data collection.

Although, for example, all studies have found that MOH is

the most common cause of morbidity, there is no uniform

agreement on the amount of estimated blood loss that

should be considered ‘major’, and the Scottish inclusion

criterion of loss of 2500 ml or more is higher than most

studies.

Using consistent definitions and methods over a number

of years, however, encourages reliable reporting and allows

an analysis of trends. Most of the variation from year to

year in the rate of morbidity has been as a result of fluctu-

ations in reported MOH. This appeared to be rising every

year until a gradual reduction in the past 2 years. In the

light of reported rising rates of all postpartum haemorrhage

in the western world,9 including Scotland (Chalmers J,

personal communication), the recent decline in MOH is

encouraging and suggests that prevention of MOH may be

proving effective. On the other hand, the reported decline

in eclampsia in the UK as a whole10 has not been seen in

Scotland, although the numbers remain small.

Table 1. Numbers and rates of categories of severe maternal

morbidity in Scotland: 2006–08

Morbidity n Rate per

1000 births* (95% CI)

Major obstetric haemorrhage 787 4.51 (4.20–4.84)

Renal or liver dysfunction 52 0.30 (0.22–0.39)

Eclampsia 48 0.28 (0.20–0.36)

Pulmonary oedema 28 0.16 (0.11–0.23)

Septicaemic shock 19 0.11 (0.07–0.17)

Acute respiratory dysfunction 14 0.08 (0.04–0.13)

Massive pulmonary embolism 13 0.07 (0.04–0.13)

Anaesthetic problem 11 0.06 (0.03–0.11)

Cardiac arrest 4 0.02 (0.01–0.06)

Anaphylactic shock 4 0.02 (0.01–0.06)

Cerebrovascular event 3 0.01 (0.00–0.05)

Coma 2 0.00 (0.00–0.04)

Status epilepticus 0 –

Intensive-care or coronary-care

admission

252 1.44 (1.27–1.63)

*Registered with General Registry Office for Scotland.4
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Evidence of effective management is seen in the signifi-

cant decline in peripartum hysterectomies despite a pre-

dicted rise as caesarean section rates rise.11 The potential

place of prophylactic interventional radiology in the pre-

vention of anticipated major haemorrhage and of red blood

cell salvage in its management is described in recent guide-

lines,12 and data on these important developments will be

collected in future years of the audit and may provide valu-

able evidence as to their efficacy.

All of the women studied in this audit survived episodes

of severe morbidity, and it is, therefore, unsurprising that

their care was, in general, good. Although major subopti-

mal care of cases of MOH was uncommon, minor or inci-

dental problems were frequent, occurring in over one-third

of cases. Even units caring for 1000 births per year can

expect four or five episodes of MOH annually. Practice

drills including education in the recognition of risk factors

may help, and the early involvement of senior medical staff

when MOH is anticipated (for example where placenta ac-

creta is suspected or emergency caesarean section at full

dilatation is performed) or occurs should be encouraged.

Direct consultant involvement in the immediate care of

women experiencing eclampsia was particularly lacking.

With a mean of only 16 cases annually of eclampsia in

Scotland in 2006–08, some units may see no cases for sev-

eral years. This is reflected in the reported failure to recog-

nise prodromal signs and symptoms. Despite these

reported deficiencies, the severe morbidity/maternal mortal-

ity ratio in Scotland in 2006–08 improved to 1/79 from 1/

56 in 2003–05, although the small numbers of maternal

deaths make it difficult to form firm conclusions. In addi-

tion, although there were two deaths from MOH in Scot-

land in 2006, there were none in 2007 or 2008, and no

deaths from eclampsia occurred in the triennium. The

value of measuring morbidity and its care is clear.
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